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FOREWORD

The Army Research Institute Field Unit at Fort Rucker , Alabama, has
the mission of providing timely research and development support in air—
crew training for the U. S. Army Aviation Center. Research and development 

F
is conducted in—house, augmented by contract research as required. This
research report documents contract work performed as a part of the Field
Unit’s Flight Simulation Task.

The entire program of aviation training research an4 development is
responsive to the requirements of RDT&E Project ZQZ 77-2, A ircrew
Performance Enhancement in the Tactical Environrn~ñt, and !to the U.S.
Army Aviation Center, Fort Rucker , Alabama. I
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EXECUTIVE SUMMARY

The purpose of the project was to design an automated performance
measurement and grading system for instrument flight in UH—l flight
simulators (UH1FS). A survey and analysis was conducted of the hardware and
software architecture of the UH1FS and the Basic and Advanced Instrument
profiles used for instrument f l ight training. This was followed by the
development of the design requirements for an automated performance
measurement system which produces a composite maneuver grade and diagnostic
error messages. Software implementation design requirements also were

• produced. The following is a summary of the work performed and the key
characteristics of the automated performance measurement and grading system.

REQUI REMENTS

Three major requirements were stated for the work: (1) the measurement
system must be capable of implementation in the UH1FS without additional
hardware and with minimum changes to the existing softvare; (2) a minimum
number of measures were to be used consistent with providing a grade and
diagnostics; and (3) the performance measurement system was to be designed
for use with the automated Basic and Advanced Instrument maneuvers imple-
mented in the UH1FS.

WORK TASKS PERF ORMED

Review

Flight performance measurement systems in general, Initial Entry
Rotary Wing (IERW) instrument training curricula, required performance
criteria, and the current flight grading system were reviewed. The maneuvers
themselves were reviewed principally by flying through the maneuver several
times and examining the auto—briefing voice transcripts.

Maneuver Analysis

One Basic Instrument and five Advanced Instrument maneuvers were
selected for subjects of the performance measurement system. These maneuvers
are: (1) Climbing and Descending Turns; (2) NDB Approach; (3) VOR Approach;
(4) ILS Approach; (5) Localizer Backcourse Approach; and (6) Holding at
Intersection. By analysis, each maneuver was divided into several segments
based on selecting distinctive points in the maneuver profile wI~~r~ the
performance requirements changed significantly. In consultation ~ith
subject matter experts (SMEs), the performance requirements and co~~on errors
for each segment were determined. These served as the basis for development
of the performance measures.

1

_ _ _ _-- -- 

-

~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-



Performance Measurement Development

Performance measures, and associated start—stop logic conditions for
measurement, were developed for each of the six maneuvers. The candidate
measures and the start—stop logic conditions were then reduced and consoli-
dated to a common group which were applicable to the six maneuvers .

UH1FS Control Architecture and Analysis

Concurrent with the above tasks, analysis of the UH1FS control hardware
and software was conducted to gain a working knowledge of the simulation
system and its capabilities and limitations relevant to the implementation
of the measurement system.

Grading arid Diagnostic System

The grading procedure and diagnostics for the maneuvers were produced.
The principal goal of the grading and diagnostic system development was to
make the grades and diagnostics meaningful and easily understood by students
and rated pilots.

Acceptance Test and Utility Test Plans

The final task was to develop an implementation test p lan and a plan
for testing the utility (validity and reliability) of the measurement and
grading system. The acceptance test defines procedures for demonstrating
that the performance measurement system was implemented according to the
design. Utility testing insures that the system, in fact, measures the
ability of a pilot to fly instrument maneuvers.

PERFORMANCE GRADIN G AND MEASUREMENT SYSTEM

Performance Measurement

Twenty—two measures were developed which could be applied to the six
selected maneuvers. The measures fall into three general categories:
(1) aircraft control; (2) navigation; (3) radio procedures.

Four key features characterize the measure set. First , the variables
measured are the aircraft referenced critical vari& .es ~f instrument flight.
The variables are critical because there is a specific requirement for them
to be maintained at a desired value (which may change) throughout the maneuver.
Some examples of the variables and the consequent measures are : airspeed ,
trim, altitude, heading, turn ra te, VOR tracking , glid.slope tracking, and
transmission of radio calls at the proper time. Second, the performance
criteria values for the measures are based on the final criteria for
performance expected from a rated Army aviator. Third, three cr iteria or
tolerance levels were defined for each measure which nominally correspond

F to good, average, and poor performance . The second tolerance level divided

2 —
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• performance between satisfactory and unsatisfactory as defined by relevant
Army regulations, or in the absence of publ ished cr iteria, the consensual
opinion of pilot SMEs. Fourth, a performance error is not registered unless

• one of the three tolerance levels are exceeded for a specified number of
seconds. Thus , error detection occurs in a manner comparable to that which
a pilot detects errors by reference to his flight instruments; i.e., transient
tolerance violations, promptly corrected, are not considered performance
errors.

Start—stop logic conditions, which determine when a measure will start
and end, were developed concurrently with the measures. If a start—stop
logic condition is not met or the performance of the pilot is extremely
poor, measurement may be erroneous. To safeguard against this possibility,
a set of conditions, called fatal errors, were defined to terminate measure—
ment if violated .

Grading and Diagnostics

The grading system produces a single composite score reflecting the
pilot’s overall performance on each of the maneuvers. The maneuver score
will be of use to training managers and allow the pilot to compare his

• ! performance to that of others or his own past performance.

• The key characteristic of the grading system, which is a reflection of
the performance measurement technique, is that the score is based on absolute
criteria so that no account is taken of the pilot ’s past experience or
amount of training received.

The recommended format for the grad ing system is a six—point numerical
scale ranging from 1 to 6. A score of 1 indicates the worst performance
level , and a score of 6 indicates the best performance level. Grades within
the range of 1 to 3 are considered to reflect degrees of overall unsatis—

• factory performance, and grades in the range of 4 to 6 are considered to
reflect degrees of satisfactory performance. This grading system is
compatible with one developed concurrently for inf light performance
assessment.

In addition to providing composite maneuver grades, the system will
produce diagnostic error messages to tell the pilot in clear text the type
of error made and the tolerance level exceeded. A single diagnostic error
message is associa ted with each of the 22 measures used to assess performance.

The output for the automated performance measurement and grading system
is a printed page that contains (1) header information identifyin g the pilot ,
the date , and the maneuver f lown; (2) the maneuver score; and (3) the
diagnostic error messages for each segment of the maneuver.

3



IMPLEMENTATION

Sof tware implementation design requirements were produced for the
measurement and grading system. It was possible to formulate an imple-
mentation design that is heavily reliant on using single bits (binary
digits) to encode various information elements about the measures, start—stop
logic, criteria and errors committed. The recommended design is extremely
compact and is implementable ~.n a UH1FS without additional hardware and withonly minor changes in the control software.

4
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INTRODUCTION

This project was performed under Contract DAHC19—77—C—0008, sponsored
by the US Army Research Institute for the Behavioral and Social Sciences.
The purpose was to develop and design implementation requirements for an
automated performance measurement and grading system for use in the UE—1.
Flight Simulator (UH1FS).

The performance measurement and grading system described in this
report will be useful in many ways. It will provide objective performance
data for Army Flight Training Management and training research. It will
provide diagnostic information to the student pilot and his instructor
pilot (IP). The amount of IP time now necessary for evaluation will be
reduced and , consequently, IPs will be able to devote more time to
training.

This report has four chapters. The first chapter is background on
the UH1FS and the approach taken to develop the performance measurement
and grading system design. The second chapter describes the development
of the system design. The third chapter is a general description of the
UB1FS computer control system and the design requirements for the implementa—
tion software. The fourth chapter is a description of test plans, a
statement of requirements for a user handbook, and expansion of the
system to other maneuvers. General conclusions end the chapter. The
specific measurement requirements for six UH1FS instrument maneuvers
are presented in the appendix.

•
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CHAPTER I •

UH1FS BACKGROUND AND SUMMARY OF APPROACH

UH—l FLIGHT SIMULATOR

PHYSICAL ORGANIZATION

The UH1FS (Device 2B24) consists of four cockpits, each mounted on
its own five—degree of freedom motion base controlled by a single computer
system. The appearance and function of cockpit instruments and controls
are identical to the UH—l helicopter. Currently, the UH1FS is used only
for instrument training and has no external visual system.

Simulated flight can occur within a 100 x 100 mile gaming area which,
at Fort Rucker, is roughly a representation of Southern Alabama and parts
of the adjacent states. All radio navigational aids which exist in the
represented area are included in the simulation.

UH1FS INSTRUMENT FLIGH T TRAINING

The UH 1FS may be used in any of three modes, semi—automatic (SEMI—AUTO),
automatic (AUTO), and checkride (CK—RIDE). In the SEMI—AUTO mode, the
aircraft initially can be placed in any location and altitude within the
gaming area. Using the flight instruments and radio navigational aids, the
aircraft can then be flown anywhere within the gaming area and make instru-
ment approaches to several airfields. In the AUTO mode, one of ten
preprogrammed instrument flight maneuvers can be selected for demonstration
or practice. Computer controlled voice tapes provide a briefing on the
flight profile, describe demonstrated maneuvers as they are flown, and
alert the pilot to check various flight instruments during practice. In
the CK—RIDE mode, the pilot flies a long cross—country trip. Ther e are no
voice alerts, but basic variables of flight such as altitude, airspeed, etc.
are recorded f or printout at the end of the practice session.

FEEDBACK AND GRADING

A studen t pilot receives perf ormance f eedback from , and is graded by,
his IP. The same procedures are used in the UH1FS as are used in the real
aircraft. As an aid to the student and the IP, CRT display s are located
both in the rear of the cockpit and at the simulator control console. The
displays present a time history of the aircraft ground track, airspeed
and altitude. It is therefore possible for a pilot to review some aspects
of his performance after completion of an Instrument maneuver.

• In addition to the CRT display performance information is available
• on a teletype printer. Average aircraft state data such as airspeed, trim,

heading, etc., can be printed for the entire maneuver . The same information
can be printed as a bar graph for a group of students. This information,

• however , is dif f icult to interpret in a meaningful way and is rarely
referred to by either student pilots or their IPs. The lack of an

• adequate automated performance measurement system for the UH 1FS is the
• primary reason for the present work.
• • 6



APPROACH

This section describes requirements given for the design of the
UH1FS automated performance measurement and grading system, the principal
working assumptions which guided the development work and the work steps
performed.

REQU IREMENTS

The stated requirements for  the automated perf ormance measuremen t
and grading system are:

1. The system must be specifically applicable to the pre planned
UH1FS instrument maneuvers available in the AUTO mode.

• 2. The system must provide a single, composite maneuver grade score
for use by training managers.

3. The system must be able to operate within the existing UH1FS
hardware and software structure.

4. The system should produce diagnostic information which is
meaningful to pilots and Is clearly presented.

WORKING ASSUMPTION S

This section describes the basic working assumptions about flight
• performance measurement that significantly affect the character of the

automated performance measurement and grading system.

Final Criterion Based Assessment

The primary assumption for the automated performance measurement
and grading system is that instrument f l ight  performance should be
assessed by reference to explicit, public, minimum performance cr iteria

• that must be met to be a qualified Army aviator. In other words, the
quality of instrument flight performance is indicated by the pilot’s

H ability to control the aircraft, navigate, and perform procedures in the
manner and to the degree specified by Army regulations.

The grade received by a student pilot in Initial Entry Rotary Wing
(IERW) training will reveal the difference between his current instrument
flight performance and the expected final performance criteria. Under

f the present grading system, the amount of training received by a student
pilot is subjectively taken into account by the IP assigning the grade
and , therefore, no indication of progress is possible.

• Use of Critical Aircraft State Variables for Measurement

Performance criteria ar e defined in terms of aircraf t state var iables
and not pilot behavior. In instrument flight, the pilot is required to

• maintain specific aircraft variables such as altitude, heading, airspeed,
7
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etc., at some desired value. Measures of pilot behavior such as control
movements or visual scanning of the instruments may be impor tant for
training diagnosis, but they do not directly reveal the ability of the
pilot to control the aircraft. All measures used in the present system
are therefore aircraft referenced and only those variables are measured which
relate directly to the performance criteria.

Use of Tolerance Limits for Error Definition

Criterion for each aircraft state variable consists of two parts, a
desired value and an error tolerance. That is, a pilot cannot maintain
a variable such as altitude without the slightest deviation from the
desired value. It is not sufficient, however, simply to measure the
deviation from the desired value because knowing the deviation is not
the same as knowing that the variable was always within or exceeded some
limit which divides acceptable and unacceptable performance. For the
present system, it was decided that up to three tolerance limits around
the desired value would be specified for each measured variable. By using
multiple tolerance levels, it can be determined not only that performance
was acceptable or unacceptable, but also information on the severity of
the error is provided. Defining error in terms of tolerance levels also
has the advantage of conceptual simplicity and allows a very efficient
implementation.

H Validity of Subject Matter Expert (SME) Opinion

The last working assumption is that the consensual opinion of the SMEs
such as standardization instructor pilots and instrument instructor pilots
is a valid source of information for instrument flight performance require-
ments and criteria when published criteria are absent. Throughout the
course of this work, SMEs have been used for this purpose .

TECHNICAL APPROACH

Development of the automated performance measurement system design
involved several work steps. The products of these are dercribed in the
succeeding chapters. This section outlines the project task requirements
and the technical approach to them.

Review

The first task was information gathering on performance measurement, IERW
instrument training curricula, the Basic and Advanced Instrument maneuvers in
the UH1FS, the curren t infl ight and UH1FS grad ing systems and published
criteria of performance.

Information on flight performance measurement was gathered by review of

• the IERW instrument training curricula, the flight grading system, and the

8 
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performance criteria were gathered primarily by review of several documents
and consultations with SMEs)’2’3’4’5’6

The automated Basic and Advanced Instrument maneuvers implemented in the
UH1FS were reviewed primarily by f ly ing through the maneuvers several times,
examining the voice tape transcr ipts and consultation with UH1FS facility
personnel. A minor amount of information on the UH1FS and the automated
instrument maneuvers is contained in th~ Rotary Wing Instrument Guide

7
and the UH— l Flight Simulator Handbook.°

Candidate Measure Development

Candidate measures were developed for each of the selected Basic and
Advanced Instrument maneuvers. Each maneuver was considered individually
without reference to the measures selected for the other maneuvers . All
the individual measures were then consolidated to a common group. The
measure selection was based primarily on the performance req uiremen ts
developed during the maneuver analysis and the critical variables of interest
in each segment of each. The characteristics of the measures are discussed
fully in the appendix.

• Preliminary Grading and Diagnostics Development

Once the candidate measure set had been developed, attention was given
to the nature and format of the grad ing and diagnostics which would be

• produced by the system. This effort was considered preliminary because its
primary purpose was to determine the approximate scope of the implementa-
tion requirements for the desired output.

U111FS Hardware and Softwar e Analysis

Concurrently with the f irst three tasks , an analysis of the UH 1FS hardware
and software architecture was conducted. The purpose of this analysis was to

Rotary Wing Instrument Guide, Fort Rucker, AL, Feb 1977.
2USAAVNC, DUFT, Rotary Wing Basic Instrument Flight, informal publication,

For t Rucker, AL, Oct 1976.

~FM 1-5, Instrument Flying and Navigation f o r  Army Aviators, DA, 1976.

F 95—63 , Army Aviation Standardi zation and Instrument Program, DA,
1976.

5DOD Flight Information Publication (Terminal), Low Altitude Instrument
Approach Procedures, Vol. 6, South Central United States, The Defense Mapping
Agency Aerospace Center , St. Louis Air Force Station, MO, 1977.

• 
6
U A’VNC Regulation 350—16, The Uniform Flight Grading System, (with

changes), DA, 1970.

• 
lop. cit., Ref. 1.

UH-l Flight Simulator Handbook, DA, 1977.

.
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gain a work ing knowledge of the simulation system, its capabilities and the
limitations relevant to implementation of the automated performance measurement
system and grading. Results of this analysis are discussed in Chapter III.

Maneuver Analysis

A detailed analysis was then conducted of the automated Basic and
Advanced Instrument maneuvers. This analysis required the determination of
the general flight profile, the initial conditions and the exact performance
requirements. Since much of this work involved consultations with SMEs, a list
of common errors committed by student pilots was also compiled. The performance
requ irements and the common err ors served as a basis for developing candidate
measures .

Feasibility of Implementation

Once the scope of the performance measurement system and grading and
diagnostics requirements had been establ ished, it was necessary to establish
that the physical imp lementation would be possible. The measurement and
grading design and the information gained during the analysis of the UH1FS
control system hardware and software, were used to develop a preliminary
implementation design. Based on the implementation design and the known
characteristics of the UH1FS control system, it was determined that imple—
mentation of the system and the required grading and diagnostic outputs
could be achieved with only minor modifications of the proposed measures .
This was fortunate, since any major conflict between the performance measure—
ment system requirements and the implementation constraints would require
extensive reworking of the performance measurement design.

Final Determination of Grading and Diagnostics System

Once it was determined that implementation was feasible, the f inal details
of the grading and diagnostic system were cRinpleted. At this point , a related
project, “Inf light Performance ~~~~~~~~~~~~~~~~~ was nearly complete. The
form of the grading for the system was made compatible with that used
for inflight grading. This compatibility provided uniformity and

• continuity between the inf light and automated grading procedures.

The specific diagnostic error messages were also developed at this
time. The primary concern for the diagnostic error messages was that
they be meaningful to, and understood by, student pilots, rated pilots,
and IPs. An output format was designed for the maneuver grade and diagnostics
that was consistent with their intended purpose and the physical constraints
of the UH1FS.

Acceptance Test and Val idity Test Plans

The final task was to develop acceptance test and validity test
plans. Also, it became apparen t during the course of the work that

9Ch ilds, Jerry M .  I nf l ight Perf ormance Assessment , Interim Report,
Manned Systems Sciences, Inc., Por t Rucker , AL, 14 November 1977.
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1 sup ive documentaUon would be jcessary to explain the use of ~1e~~~system . The required contents of a handbook which describes the performance
measurement system, its use, and interpretation of the output are described.
A brief discussion of utility testing also was developed.

I
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CHAPTER II

DEVELOPMENT OF MEASUREMENT SYSTEM DESIGN

MANEUVER ANALYSIS

MANEUVER SELECTION

Each of the ten automated Basic and Advanced Instrument maneuvers
were reviewed to determine which maneuvers would be suitable for automated
performance measurement. It was decided not to use all maneuvers in the
interest of economy of time and effort, and also to insure that the
implementation requirements would not exceed the practical capacities of
the UH1FS computer system. The selection process was a balance between
providing a sufficient number and type of maneuvers to allow meaningful
performance measurement and restricting the choices to a minimum to
prevent wasted effort in the event implementation did not prove practical.

The maneuvers were reviewed by reference to the available documentation,~°’11• transcripts of the automatic voice tape maneuver briefings and several
runs through each maneuver in the UH1FS.

Performance measurement requirements were developed for six of the
ten maneuvers . These six maneuvers are: (1) ADF Approach; (2) NDB
Approach ; (3) VOR Approach ; (4) ILS Approach; (5) Backcourse ILS Approach;
and (6) Holding at an Intersection. The flight profiles and performance
requirements for these six maneuvers are described in the appendix.

Performance measurement requirements were not developed for four of
the maneuvers. The Basic Instrument maneuvers , other than climbing and
descending turns, were excluded because they are too simple for meaningful
perf ormance measurement. The Instrument Takeoff was excluded because of a
reported lack of fidelity of the aircraft handling characteristics
during takeoff. The Cross—Country maneuver was excluded because it
emphasizes emergency procedures and not flight control. The Checkride
maneuver was excluded because of its 1.5—hour length.

MANEUVER SEQ(ENTATION

The flight profile of each of the six selected maneuver s was diagramed
and analyzed into maneuver segments . Segmentation was based on selecting
distinctive points in the maneuver profile where the performance requirements
changed significantly. Each segment can be categorized as a flight task

• with a distinct sub—goal. These characteristics of the segments can be

1°op. cit., Ref. 1
11op . cit., Ref. 8
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app reciated by reference to the maneuver descr ip t ions  described in the
• appendix.  On three of the four approach maneuvers , for examp le , the

in i t i a l  segment is t racking to a f i x , e i the r a VOR or NDB beacon . The
second segment is turning to paral lel  the outbound course and in tercept ing
the outbound course. Clearl y ,  th ese are di st i n c t ive and mea n in gf u l
segments which can be easily understood by the p i l o t .

Specific performance requirements for each segment of each maneuver
were developed by reference to the applicable publications’2’’3’14’’5’~~
and consul ta t ion with  IPs assigned to the Army Resea rch I n s t i t u t e  Field
Unit  and s tandardizat ion p i lo t s  assigned to the Ins t rument  Q u a l i f i c a t i o n

• Division of the Department of Undergraduate F l i g h t  Tra in ing  at Fort
Rucker , Alabama . Concurrent ly with the development of the performance
requirements , a l ist  of common errors committed b y st u d e n t  p i lo ts  was
a lso compiled.

MEASUREMENT AND START-STOP LOGIC DEVELOPMENT

MEASUR EMFNT DEVE LOPMENT

The primary purpose of the measurement system is to produce data  on
which to base a grade for instrument f l i g h t  performance. The secondary
purpose is to provide diagnostic information about performance errors .
The key requirement of the measurement system design is tha t  it be
relat ively simp le since the iJH1FS computer system cannot accommodate an
extensive amount of added software.

The first step in the measurement development process was to establish
the speci f ic  cri t ical  variables for the six ins t rument  f l ig h t  maneuvers

• and to def ine  allowable—error c r i te r ia  for  them . The c r i t i c a l  var iables
were determined by analysis of the performance requirements for each
segment of the six maneuvers. Desired values for each critical variable
were established at the same time .

Allowable error tolerances were derived , to the extent possible ,
from the Army regulations and IERW training publications. Since performance

• :riteria were not avai lab le for many of t he cr it ica l va r iables  selected ,
.hese were developed by discussion with SMEs. The error criteria ,
hether published or recommended by SME s , de f ined a threshold separating
at isfactory and unsatisfactory performance . It  was decided , however ,

• 12
op. cit., Ref. 1

130p. cit., Ref. 2
14

op. cit., Ref. 3
15

op. cit., Ref. 4
if)

• O~~. cit., Ref. 5

13

• ~•
‘.



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

that the measures would be more useful if the performance could be
divided into more categories than satisfactory and unsat isfactory.  A
total of three error criteria for each variable was considered sufficient.
This decision was partially influenced by the fact that a concurrent
project for the development of inflight performance assessment me,sures
uses three criteria levels for each of the assessment variables.1

Aligning the number of criteria levels of the automated performance
measurement system with those of the inflight performance assessment
system would provide a desirable continuity between the two measurement
te chniques.

In using three criteria levels for each variable , it was decid ed
that  the second or middle criterion level would be cons ’de red the nomina l
dividing point for satisfactory and unsatisfactory performance. The
first tolerance level would be more stringent than the second and would ,
therefore , nominally be the criterion for better than average or good
instrument flight performance. The third criterion level would be more
liberal than the second and would therefore be the nominal threshold for
very poor performance.

Perf orma n ce is measured in th is  app l ica tion by a comparison of the
d i f fe rence  between a sampled value and the desired value to the three
tolerance levels. It did not seem reasonable , however , to compare each

j single value of the sampled variable to the tolerance criteria to determine
if an error had been committed.  Eased on several considerations , wh ich
wi ll be desc ribed presentl y ,  it was decided that  f.~or most var iables a
four—second running average would be computed and used as the fundamental
datum to be compared to the cr i ter ia  levels. Addi t iona l ly ,  it wa s
decided that the runn ing average would have to exceed a tolerance level

• for a specif ied period of time before it would be registered as an
error.

The reasons for  adopting th is  form of error determinat ion are as
follows : First , t rans ient  or “spike” e f f ec t s  in the da ta  due to ei ther
environmental fac tors , such as wind or turbulence , or noise in the
instrument and control transducers and the computer i tself wi l l  be

• suppressed by a running average .

Requiring that a variable exceed a tolerance level for a specific
t ime was based on consideration of the perceptual and cognitive fac tors
involved in instrument f l i g h t .  A pilot cannot be aware of all  instrument

• indications simultaneous ly. He adopts a scanning procedure where various
instruments are sampled at various t imes. Therefore , it is unl ike ly
that  a pilot will  notice an instantaneous or momentary departure of a
variable from the desired value . Allowing for a certain t ime—out—of—
tolerance before registering an error gives the pi lot  the oppor tuni ty  to
notice and correct the error. Second , if more than one variable is out

17
op. cit . ,  Ref .  9

14

H _ _ _ _ _ _ _

~~~~~

••

~~~

. •• ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ •~~~~~~~~~~~~ •

• •~~~~ •-~
• . .• 

;~ 
• 

•

P • • r ~~ 3~~.
~~~ 

£ • ~~~~

__________ 
1 •  

•
•~



F— — ~~~~
-

~~~~~~~~~~~~~~~~~
- • • —--~—~

of tolerance, a pilot, particularly a student pilot, is apt to correct
one variable at a time, a1tho~igh he may be fully cognizant of the additional
out—of—tolerance conditions. Third, the pilot may have actually begun
to correct a noticed error, but due to inertia in the aircraft and time
lags in instruments, the variable may not come ‘.‘ithin tolerance for
several seconds.

Taken together, it appeared that the use of a four—second running
average for the critical variables and the use of a time—out—of—tolerance
criteria was a realistic approach to performance measurement and compatible
with the rate at which a human pilot can detect and correct errors.

As will be seen in Chapter III , the use of multiple criteria,
computation of running averages and determining time—out—of—tolerance is
relatively simple to implement .

START-STOP LOGIC DEVELOPMENT

A necessity of any automated flight performance measurement system
is the ability to know when to begin and end the measurement. Not all
measures are applicable throughout the entire course of a maneuver or
the desired value for available change. Por example, if an aircraft
holding straight and level at 3000 feet makes a descent to 2000 feet
and again holds straight and level, the initial desired value for altitude
measurement would be 3000 feet; this measure must stop when the descent begins

• and the measure of altitude starts again when the aircraft has reached the
new desired value of 2000 feet. This example, detecting the beginning and

• end of the descent, is the work of the start—stop logic.

The present automated performance measurement system is designed as
a real—time system. The UU1F’S control computer does not have the spare
processing capacity nor peripheral memory for storing the massive amounts
of data that are required to do postflight measurement analysis.

• The technique developed in the present study for start—stop logic
definition is a new and somewhat novel approach to the problem. Having

• • 
an historical record is a good means of determining the intent behind a
given change in an aircraft variable. It was realized, however, that it
may not be necessary to maintain the historical data for the entire
maneuver. Maintaining only 10 to 15 seconds of historical data on
flight variables may be sufficient to determine whether a change in a
variable was simply a corrective adjustment or the beginning or end of a
major transition. It was decided, therefore, to maintain a 15—second
history of all variables used for either measurement or start—stop logic
definition. When a change in a start—stop logic variable Is detected,
the trend of the change is followed for a minimum of 10 seconds. If the
trend is consistent over this period, there is little doubt that a major
state transition is under way.

15
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The beginning or end of the measurement segment is defined as the
point where the start—atop variable change f irst  occurred , i.e., 10
seconds in the past. Since the variables for measurement also have been
maintained over the same period of time, it is a simp le matter to pick
up or cut off the data entering the measurement stream at the same
point. Basing the start—stop logic on historical time data rather than
instantaneous real—time data greatly increases the power of single
start—atop logic conditions to detect major state transitions and screen
out minor changes which are either performance errors or corrective
adjustments.

This near —r eal—time approach to measurement combines advantages of
both real—time and of f line performance analysis. As will be seen in

• Chapter III , the implementation of near—real—time measurement and
start—stop logic is extremely economical.

CONSOLIDATION OF MEASUREMENT AND START—STOP LOGIC VARIABLES

The performance measures and start—stop logic were developed independently
for each maneuver. Once this was completed, a consolidated list of the
measures and star t—stop conditions was compiled . The objective of the
consolidation was to minimize the number of unique measures and start—
stop conditions required for the automated performance measurement
system, By substitution and redefinition of some of the measures and
start—stop conditions , it was possible to reduce the number of measured
variables to 22 and the number of start—stop conditions to 16. Some of
the same variables are used for both purposes.

Based on the performance criteria der ived from published regulations
and consultation with SMEs, desired values, specific error tolerance
criteria values for three tolerance levels , and the corresponding time
in seconds the variable must be out of tolerance before an error is
registered, were assigned for each measure. The common sets of measures
and start—stop logic conditions were used to restructure the performance
measurement plan for each of the six automated Basic and Advanced Instrument
maneuvers.

MEASURE DESCRIPTION

The following is a description of the specific measures used to
assess instrument fl ight performance on the six automated Basic and
Advanced Instrument maneuvers used in the UH1FS. The 22 measures, the• desired values (when constant) , the tolerance levels, the time—out—of—
tolerance required before an error is registered, and an indication of• whether the direction of error (±) will be par t of the diagnostic error
messages are shown in Table 11—1.

The measure name indicates the variable or function that is being
measured . The abbreviation in parentheses and the associated number are
simply for convenience of reference. The desired value for most measures

16
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TABLE 11-1

SU)S4ARY OF MEASURES

I MEASURE DESIRED TOLERASCE TIME
VALUE — — — 31G11

Tol—l Tol—2 Tol—3 Tal Tm2 T.3

1 Airspeed (AS) 90 Knots ± 5K + 10K ±20K 5 5 5 y

2 Tr im (TR) 0 Ball Width ± .251W + .51W ± j EW 5 3 5 a

3 Bank Angle (IA) 00 160 20° 25° 5 5 5 a

4 Average Turn Rate (ATR) 3°/Sec ± .15°/Sec ± .3°/S.c ± .6°/S.c T T T y

5 Altitude (ALT) Variable ± 50 Ft ± 100 Ft ± 200 Ft 5 10 10 y

6 Mini~~a Altitude (MAT) Variable 0 Ft — 2OFT — 50 Ft 5 5 5 a

7 Rats of Descent (ED) — 500 FPM ± 50 ~~~~~ ± 100 FF71 ± 200 FF71 5 10 10 y

8 Rate of C1i.b (RC) + 500 PPM + 50 PPM ± 100 FF71 ± 200 FF71 5 10 10 y

Heading on Rollout
9 (HOR) Variable ± 5

0 
± 100 ± 20° 1 I I a

10 Heading Tracking (EDT) Variable ± 5° ± 10° ± 20° 5 10 10 a

11 Ti.. (ThE) Variable ± 5 Sec ± 10 Sec ± 15 Sec T T T y

12 MDI Trscking (NET) Var iable ± 3° ± 5~ ± 7° 5 10 10 n

• NDB Course Deviation
13 (MCD) 0 Naut . Mi. ~ .052 NM ± .087 151 ± .123 754 5 10 10 a

MDI Course Position
14 (ND?) Var iable ± 5° ± 6° ± 7

0 I i i a

15 VOR Tracking (VRT) Variable ± 2° ± 3° ± 5° 5 10 10 a

VOR Course Devia t ion
16 (VCD) 0 Naut. Mi. ± .035 154 ± .052 NM ± .087 104 5 10 10 n

• VOR Course Posit ion
17 (VCP) Var iable ± 2° ± 3

0 
± 5~ I I I a

Localizer Tracking
• 18 (LET) 0° ± 1

0 
± 2° ± 3 5 10 10 n

Glideslope Tracking
19 (GST) 0° ± .1

0 
± .2° ± .3 5 10 10 y

• 20 VOR Tuning (VTN) Variable INCORRECT I a

(11711 Bearing
21 Setting (01$) Variable ± 1 ± 2 ± 3 I I I a

Radio Call M ike Switch
22 1raas.itted (RCT) Closed NO I n
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is dependent upon the specific requirements for the maneuver segment.
The three tolerance levels , used for all but two measures , indicate ,
respectively, the criteria thresholds for nominally good performance ,
minimum satisfactory performance and poor performance .

Tolerance leve l 2 is the important standard. If the p ilot can
main tain all variables within tolerance level 2, his performance is
considered satisfactory . Tolerance level 1 and tolerance leve l 3 values
were determined after tolerance level 2 values had been established in
consultation with SMEs.

The three time values are the t imes, in seconds , that variables
must exceed the respective tolerance levels to h registered as an
error. For some measures , either a T or an I is shown. The I means
total time and the I means instantaneous value . Under the “Sign” column ,
the y indicates that , yes , the direction of error will he shown in the

• diagnostic message . The ii means , no , the error direction will not he
shown in the diagnostic message . Choosing some measures to show the

• sign of the direction of the error rather than doing so for  all was a
design compromise in the interest of economy of imp lementation .

SPECIFIC MEASL’RES

1. Airspeed

• For all maneuvers the pilot is required to maintain 90 knots at
all times . The standard tolerance (tolerance level 2) allows deviations
of plus or minus 10 knots , is well established both in the regulatory
training publ ications and believed to be reasonable by the SMEs. A very
good p ilot probably will maintain his airspeed within 4 knots , and a
very poor pilot may allow his airspeed to vary by 20 knots or more. In
all cases , the airspeed must exceed the respective tolerance leve l for ~
seconds before an error is registered . The diagnostic error message
will indicate whether the airspeed was above or below 90 knots.

• 2. Trim

The desired value for trim is 0 hall width deviation on the
slip indicator. The tolerance values for trim have not been established .
The SMEs considered it reasonable to expect a pilot to maintain the
aircraft within 1/2 ball width trim at all t imes. A good pilot will
keep the aircraft trirsned within a 1/4 ball width at all time s, and a
poor pilot may at times be one ball width or more out of trim . The time

• out of trim before an error is registered is S seconds in all eases.
Indicating the direction out of trim was not considered to be a useful
characteristic for the diagnostic error message.
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3. Bank Angle

The 0° desired value for bank angle is appropriate only for a
straight and leve l fli ght. In turns in the UH—1 aircraft , the desired
angle of bank to maintain a standard rate turn is between 14 and 15
degrees. Initially , two bank angle measures were planned , one for
straight and level and one for turning flight. In the interest of
economy , it was reduced to a single measure . Since the pilot cannot
keep the aircraft out of bank for any length of time without turning the
aircraft , which would register as an error on some other measure , the

• bank ang le measure was considered to be most necessary for turns.

During instrument flight , it should never be necessary for a pilot
• to exceed a 20 degree bank. It may be necessary for an average pilot to

exceed 16 degrees of bank in an attempt to make good a 3—degree—per-.
second turn rate over an entire turning maneuver. A very good pilot
will hold the proper bank angle for a standard rate turn throughout the
turn , and should never exceed 16 degrees. A poor pilot may induce bank
ang les of 25 degrees or more. In all cases , the tolerance level must be
exceeded for S seconds before an error is registered. It was not con-
sidered necessary to show the direction of the hank error in the diagnostic
message sin~e the error message would appear under a segment for a turn
maneuver where the direction of the turn would be known.

4. Average Turn Rate

All turns during instrument maneuvers are required to be at a
rate of 3 degrees per second. Tolerance values for deviation from this
rate are not well established. The tolerance levels for good , average
and poor performance were chosen to correspond to 5, 10 and 20 percent
of the desired value , respectively. The average turn rate is computed
by dividing total heading change by total turn time . Since the out of
toleranc value is computed at the end of the turn , the t ime—out—of—
tolerance values are not app licable. The sign of the deviation from the

• desired turn rate will be shown in the diagnostic error message .

5. Altitude

During the course of the maneuvers , the pilot must maintain the
aircraft at various altitudes. Plus or minus 100 feet of altitude is a

• well established standard . A good pilot will probably maintain altitude
within 50 feet of the desired value and a poor pilot may allow altitude

• to deviate 200 feet or more. According to the SMEs, it is axiomatic
that the very good pilot will not only maintain variables very close to

• the desired value , but also quickly correct detected deviations . The
poor pilot , on the other hand , is likely to allow variables to drift
further out of tolerance and remain there for longer periods of time.
Accordingly, only 5 seconds are allowed for altitude to exceed the first
tolerance level before an error is registered . For the second and third
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tolerance levels , 10 seconds are allowed . The sign of the altitude
error , whether high or low , will be shown in the diagnostic error message.

6. Minimum Altitude

The minimum altitude measure is used for most segments of the
approach maneuvers , since the DOD FLIP Low Altitude Ins t rument Approach
Procedures specify a minimum altitude which is never to be viol~ted .
The exact desired value of the minimum altitude is differ ent for different
segments of the maneuvers . Since the minimum altitude is never to be
violated , there is no leeway for the firs t tolerance level. A pilo t
m a y ,  however , drift slightl y below the minimum altitude , but should
correct quickly . Therefore , a 20— f oot error margin has been allowed for
tolerance level 2 and a 50—foot error for tolerance level 3. The t ime-
out-of—tolerance requ ired before an error is registered is 5 seconds in
all cases. The direction of error in the minimum altit ude measur e is
implicit and need not be shown in the diagnostic error message .

7. Rate of Descent

IERW student pilots are taught to make all instr ument descents
at a rate of 500 feet per minute. The tolerance value for rate of
descent error is not well established . It was the opinion of the SME.
that maintaining the rate of descent within 100 feet per minute would be
satisfactory . The good pilot will maintain his rate of descent within
50 feet per minute of the desire d value , and a poor pilot may allow his
rate of descent to vary from the desired value by more than 200 feet per
minute. The t ime out of tolerance allowed before an error is registered ,
5 seconds for the first tolerance level and 10 seconds for the second
and third , reflects the belief that the good pilot will correct a noticed
error more quickly than the average or poor pilot. The direction of
error will be shown in the diagnostic error message .

8. Rate of Climb

IERW student pilots are taught to make all instrument climbs at
a rate of 500 feet per minute . As with the rate of descent , it was
believed by the SMEs that a deviation of 100 feet per minute or less
fro m the desired value would be satisfactory . A good pilot will maintain
the desired rate of climb within 50 feet per minute , and a poor pilot
may allow his rate of climb to deviate by 200 feet per minute or more .
The time out of tolerance is the same as for rate of descent ,

9. Heading on Rollout

This measure is used pr imarily at the termination of the inbound
procedure turn of the approach maneuvers , where the pilot is required to
roll out on the inboun d head ing . The exact headin g depends on the
particular maneuver. A headi ng deviation of plus or minus
10 degrees is a well established tolerance value for maintenance of
heading . The SMEs believe that a good pilot will arrive at the correct
heading on rollout with in 5 degrees , and a poor pilot may be off by 20
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degrees or more. The measure is made at the instant the aircraft becomes
straight and level. Accordingly , the error is based on the instantaneous
value of heading. The direction of the heading error will not be shown
in the diagnostic error message.

10. Headi ng Tracki ng

During various segments of the maneuvers, the pilot is require d
to track a gyro compass heading. The exact heading is dependent upon
the requirements of the particular segments of the maneuver. A 10—
degree heading error is a well established standard tolerance. SHEa
believe that a good pilot will maintain heading with 5 degrees, and a
very poor pilot may allow his heading to drift by 20 degrees or more.
The time—out—of—tolerance allowed before an error is registered reflects
the belief that a good pilot will correct slight deviations quickly,
while an average or poor pilot will maintain an error longer before
correcting. The sign of the heading error will not be shown in the
diagnostic error message.

11. Time

All of the maneuvers have time requirements in one or more
• 

• segments. For example , all final approach segments of the nonprecision
approach maneuvers have specified t imes from the f inal approach fix
before a missed approach procedure must be executed. The time required
depends on a particular segment of the maneuvers . A t ime tolerance is
not well established. It was believed by the SHEs that the average
pilot will time accurately within plus or minus 10 seconds . A good
pilot should make his time good within 5 seconds, and a poor pilot may
have a time error of 15 seconds or more. Since time is the basis for
this measure, it is cumulative over the entire measurement segment and

• the T in the time—out—of—tolerance column reflects that total time is
considered . The sign of the time error, whether too long or too short,
will be shown in the diagnostic error message.

12. NDB Tracking

NDB tracking measures the ability of the pilot to maintain a
course by reference to the AD? needle. The desired valu, for the ND3• tracking depends on the segment of the NDI approach maneuver. SMEs

• consider 5 degrees or less tracking error to be satisfactory. A good• pilot should maintain his track within 3 degrees , and a very poor pilot
may allow his track to deviate by 7 degrees or more . The Ums out of
tolerance allowed before an error is registered reflect s th. belief that
a good pilot will correct a detected error more quickly than the average
or poor pilot. The sign of the error will not be shown in the diagnostic
error message . It is important to note that the NDI tracking measure is
applicable only when the aircraft is one nautical mile or more fro. the
NDB. Nearer than one nautical mile the convergence of the course radial.
is so rapid that an angular reference for a tolerance value cannot be
used.
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13. NDB Course Deviation

The NDB course deviation is the analog of the NDB tracking
measure and is app lied only when the aircraft is within one nautical
mile of the NDB. Within this range, the aviator should be tracking the
course heading indicated by the gyro compass rather than the ADF needle.
The desired value is 0 nautical mile laterally with reference to the
desired course. The tolerance values in nautical miles are the distance

• equivalents of 3, 5, and 7 degrees at one nautical mile from the NDB.
The time out of tolerance allowed is the same as that for the NDB tracking
measure. The sign of the measure is not shown in the diagnostic error
message.

14. NDS Course Position

The NDB course position measure is used in the NDB approach
problem when the aircraft rolls out on the inbound course. The tolerance
values are larger than those for NbB tracking, since the loop antenna
loses directional accuracy when the aircraft is banked. There is no
well established criteria for angular error when rolling out on a course
by reference to the ADF needle. The SMEs believe that rolling out
within 6 degrees of the desired course or less is satisfactory . A good
pilot should be able to roll out within 5 degrees of a desired course,
and a poor pilot may be in error by 7 degrees or more. The measure is
made at the instant the aircraft becomes straight and level, and , therefore ,
no time tolerance is allowed. The sign of the error will not be shown

• in the diagnostic error message.

15. VOR Tracking

VOR tracking is a measure of the pilot ’s ability to track a
VOR course by reference to the course deviation indicator (CDI) needle.
This measure is a direct analog of the MDB tracking measure. The tolerance

H levels are more stringent since the CDI is more sensitive than the ADF
needle. The tolerance levels are 2, 3, and 5 degrees , respectively .
The time out of tolerance allowable before an error is registered is 5

• seconds for the first tolerance level and 10 seconds for the second and
third . The direction of the error will not be shown in the diagnostic
error message. The VOR tracking measure is used only when the aircraft
is at a distance of one nautical mile or more from the VOR. Within one
nautical mile, the radials converge so rapidly that it is not possible
to navigate accurately by reference to the CDI. At one nautical mile or
less, the aviator should maintain the correct course heading by reference
to his gyro compass .

16. VOR Course Deviation

The VOR course deviation measure is a direct analog of the 11DB
course deviation measure . It is used only when the aircraft  is within
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one nautical mile of the VOL The three tolerance levels in nautical
miles are equivalent to angular deviations of 2, 3, and S degrees respectively
at one nautical mile from the VOR. The time—out—of—tolerance allowable
before an error is registered is 5 seconds for the f irst tolerance level
and 10 seconds for the second and third. The sign of the error will not
be known in the diagnostic error message.

17. VOR Course Position

The VOR course position measure is a direct analog of the NDB
course position measure. It is used in the VOR approach maneuver to
determine the aircraft position relative to the desired inbound course
when the aircraft rolls out of the inbound procedure turn. Because the
VOR receiver is not sensitive to the bank of the aircraf t, the tolerance
values are the same as those used for the VOR tracking measure . Since
the measure is made the instant the aircraf t becomes straight and level,
the time—out—of—tolerance allowed is not applicable. The sign of the
error will not be shown in the diagnostic error message.

18. Localizer Tracking

Localizer tracking measures the ability of the pilot to remain
on the localizer course for the ILS approach and localizer backcourse
approach maneuvers. When coupled to the ILS, the CDI is twice as sensitive
as it is for VOR tracking. Localizer tracking is always relative to the
par ticular localizer course and, theref ore, 0 degrees deviation is the• desired value. The tolerance value for localizer tracking is not well
established. SMEs believe that the average pilot should be able to
maintain the aircraft within two degrees of the course line. A good

H pilot probab ly will maintain the aircraf t within one degree, and a poor
pilot may allow the aircraft to deviate by three degrees or more from
the course line. The time—out—of—tolerance allowable before an error is

• registered is 5 seconds for the first tolerance level and 10 seconds for
the second and third. The time—out—of—tolerance allowed before an error
is registered reflects the belief that a good pilot will notice the
error and make corrections more quickly than the average or poor pilot.

• The direction of the error will not be sL~wn in the diagnostic error
message. The localizer tracking measure is used only while the aircraft
is one nautical mile or more from the localizer transmitter.

19. Glideslope Tracking

Glideslope tracking is a vertical analog of localizer tracking,
and is used only in the final approach segment of the ILS approach
maneuver. The desired value for the glideslope is always relative to
the beam and is therefore 0 degrees . The glideslope indicator needle is

• 10 times as sensitive as the localizer CDI. A performance criteria for
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glideslope tracking is not well established. SMEs believe that maintaining
a glideslope course within .2 degrees is satisfactory. A good pilot
probably will maintain the glideslope course within .1. degree, and a
poor pilot may allow the aircraft to drift off the glideslope by .3
degree or more. The t ime—out—of—tolerance allowable before an error is
registered is 5 seconds for the f irst tolerance level and 10 seconds for
the second and third. The time—out—of—tolerance allowed before an error
is registered is a reflection of the fact that a good pilot is likely to
notice and correct an error more quickly than the average or poor pilot.
Because of the impor tance of glideslope error , par ticularly being below
glides].ope, the sign of the error for glideslope tracking will be shown
in the diagnostic error message.

20. VOR Tuning

The pilot is required to retune his VOR radios during various
segments of the maneuvers. Since radio comaunication is an important
part of the instrument navigational procedures , this measure determines
if the VOR has been tuned correctly at the proper time. Because of the
nature of the measure, there is no tolerance value. The radio is either
tuned correctly or it is not. Time—out—of—tolerance is not applicable
to this measure. The radio frequency is sampled continuously during the
appropriate period to determine if the pilot has correctly tuned the
radio. The diagnostic error message does not indicate the direction of
error of the tuning.

21. OMNI Bearing Setting

The O1QII bearing setting measure determines whether the pilot
has adjusted the OMNI bearing selector (OBS) to the desired radial. It
is basically a measure of precision. A criteria for accuracy of setting
the OBS is not well established. SMEs believe that setting the OBS
within two degrees of the desired radial is satisfactory. A good pilot
will probably set the OBS within one degree of the desired radial and a
poor pilot may be in error by 3 degrees or more. Time—out—of—tolerance
is not applicable to this measure , and the OBS setting is sampled once

• at the appropriate time. The direction of the error is not shown in the
diagnostic error message.

22. Radio Call Transmitted

This measure determines whether the pilot has made the required
radio calls at the appropriate times. The measure is not dependent on
the accuracy of the information transmitted but simply whether the
aviator has closed the microphone switch for one second or more. Nc
tolerance value is applicable. Either the radio call was made within
the appropriate time frame or it was not. Time—out—of—tolerance also is
not applicable to this measure. The microphone switch is sampled con tinuously
within a specified time frame. Direction of error is not applicable to

• this measure and is not part of the diagnostic error message .
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The above 22 measures can be considered to fall into three general
• categories: (1) aircraft control; (2) navigation; and (3) radio procedures.

The first 8 measures——Airspeed, Tr im, Bank Angle , Average Turn Rate ,
Altitude, Minimum Altitude, Rate of Descent and Rate of Climb——are
generally directed at basic aircraft control. The categorization is not

• perfect since it can be argued that the Altitude and Minimum Altitude
measures are related to navigation and that the Heading Tracking measure
should be regarded as part of basic aircraft control. Heading on Rollout ,
Head ing Tracking, Time, NDB Track ing, NDB Course Deviation , NDB Course
Position, VOR Tracking, VOR Course Deviation, VOR Course Position,
Localizer Tracking and Gl ideslope Tra cking relate basically to navigation.

• VOR Tuning, OMNI Bearing Setting and Radio Call Transmitted are all
measures of radio procedures. The grading system, to be described later
does not distinguish among these sets of measures for purposes of producing
a score. In terms of interpreting the diagnostics, however , they may

• provide a useful organizing concept for determining the relative strengths
and weaknesses of the pilot’s instrument flying ability.

ThWLEMENTA TION CONSIDERAT IONS

For the measures described above , it has been assumed that each
variable being measured is sampled at a rate of one per second. Since
these are all aircraft—related variables, they do not change at a rapid

• rate and one per second is considered an adequate sampling for measurement
purposes. A four—second running average value has been specified for
all the measurement variables. Upon implementation , it may turn out
that this running average time changes too slowly to be useful. If this
is the case, it should be a simple matter to change the running average
time or the computational nature of the running average value.

Many of the tolerance and time—out—of—tolerance values are not well
establ ished , but are based on the considered opinions of the SMEs. It

• may turn out, once the system is implemented , that they are either too
stringent or too liberal. Empirical testing of the measures will quickly
determine their suitability. Since they will be organized as a single
table, it will be a relatively simple matter to change them to more
suitable values .

START-STOP LOGIC CONDITIONS

Sixteen start—stop logic conditions are used to begin and end
measurement in the six automated Basic and Advanced Instrument maneuvers
implemented in the UH1FS. The start—stop conditions are used in a
sequential manner. That is, a single condition starts or stops a measurement
segment. Measurement segments should be distinguished from maneuver

¶ segments. A maneuver segment is a portion of an instrument maneuver
with a particular task goal and begiv~s and ends with a major transition
in one or more aircraf t variable . A measurement segment is a sub—portion
of a maneuver segment dur ing which time one or more variables are measured.
The following is a short discussion of each measurement start—stop logic

• condition .



- 
-~~-~ —-

1. START

This is the beginning of each maneuver. The pilot or IP presses
the UNFREEZE or CONTINUE button in the UH1FS cockpit.

2. CPS

Many of the measurement segments begin on the same condition
that ended the previous segment. CPS stands for Close of Previous
Segment and is used extensively in the measurement sequences outlined in
the appendix.

3. RTR

Aircraft turns to the right. This condition is triggered when
the running four-second average of turn rate is greater than or equal to
2°/second to the right.

4.  LTR

Aircraft turns to the left. This condition, like the right
turn, is triggered when the running four—second average turn rate to the
left is greater than or equal to 2°/second.

5. SL

Aircraft is straight and level. This condition always terminates
a measurement segment begun by either a right or a left turn. It is
triggered when the four—second running average turn rate is less than
.5°/second.

6.  ACF- l

Aircraft is one nautical mile from a stated or understood fix,
either a radio beacon or an intersection. It is triggered at any time
the aircraft crosses, in either direction, the cirele around the fix one
nautical mile in diameter.

7. CCL—x°

Aircraft crosses the x° course line at a fix. The reciprocal
course line extension is understood. This condition is used to detect
when the aircraft passes over or is adjacent to a given fix.

8. ACD—x

Aircraft is x nautical miles lateral distance or less from a
stated or unders tood course line, usually def ined by a radial from radio
fix. The aircraft always will be moving tovard the course line.
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9. TIM—x

Time period x , in seconds , has elapsed. This condition is
usually used to provide a buffer of time between the end of one measure-
ment segment and the beginning of another.

10. HDA-x°

Aircraft heading is within plus or minus 5 degrees of x°. The
condition is triggered when the running four—second average of aircraft
heading is within 5 degrees of heading x°.

11. ALTB—x

Aircraft altitude is equal to or below x feet. This condition
is always used when the aircraft is descend ing. Its usual purpose is to
stop measurement of rate of descent, usually 100 feet above the target
altitude.

12. ALTA-x

Aircraft altitude is equal to or above x feet. This condition
is triggered when during an ascent , the aircraft altitude equals or
exceeds the designated x altitude. It is usually used to stop a measure—
ment segment in which rate of climb is being measured . X is normally
100 feet below the target altitude.

13. DES

Aircraft is descending . This condition triggers when the four—
second running average of vertical airspeed is equal to or greater than
200 feet per minute downward .

14. CMB

Aircraft is climbing. This condition is triggered when the
four—second running average vertical airspeed is equal to or greater

• than 200 feet per minute upward .

15. TPC

Torque pressure is equal to or greater than 27 psi. Normal
cruise power is approximately 24 psi. This condition is triggered when
the four—second running average of torque pressure is equal to or greater
than 27 psi. This condition is principally used to terminate measurement
during the final approach segment and to begin measurement during the
missed approach segment.

• • -
~~ 16. RRF

Aircraft receives radar fix. This condition occurs only once
during the Localizer Backcourse approach. The pilot is informed by

• 

- 

• 

- radio that radar has placed him at the poin t to begin his f inal approach
descent . 27



The sixteen measurement start—stop logic conditions are summarized
in Table 11—2.

FATAL ERRORS

The sequence of start—stop logic conditions is essentially a means
of tracking the aircraft throughout all portions of the maneuver.
Because of the lack of sophistication of the performance measurement
system, it is not possible to recover measurement capability if the
start—stop conditions are not triggered and, consequently,  the track of
the aircraft progress through the maneuver is lost. Also, a pilot may
perform so poorly that he loses control of the aircraft or is unable to
navigate the required profile of the maneuver. In either of these two
cases, performance measurement becomes meaningless and will be terminated.
Termination of measurement is based on violation of certain conditions.
These conditions are referred to as fatal errors.

There are 8 possible types of fatal errors based on: (1) excessively
high or low airspeed; (2) excessive bank angle; (3) excessive rate of

• descent; (4) excessive altitude errors; (5) excessive time within a
maneuver segment; (6) violation of airspace limits; (7) turning in the
wrong direction; and (8) improperly set radio frequencies for beginning
of the maneuver. The first three of these fatal errors have standard

• criteria for all maneuvers. That is, if airspeed is less than or equal
to 60 knots or greater than 120 knots during any maneuver , measurement
is terminated . Similarly, a bank angle equal to or in excess of 30
degrees or a rate of descent equal to or greater than 1000 feet per
minute at any time during any maneuver is considered a fatal error. The
remaining fatal error categories are specific to the part icul.Lr maneuvers
and the maneuver segments.

In the event that a fatal error occurs , scoring of the maneuver
will not be possible. Diagnostics, however , will be printed out. This
is discussed further in the next section. The specific fatal errors for

- - each maneuver are shown in the appendix.

GRADING SYSTEM

PURPOSE •

The purpose of the grading system is to produce a single composite
score reflecting the pilot’s overall performance on each of the Basic
and Advanced Instrument maneuvers. The maneuver score will be of most

F use to training managers for evaluating ind ividual and group progress
- - through the instrument training phase. It will also allow the individual

student pilot to know his performance capability relative to that of
other students or his own past performance.

The key characteristic of the grading system is that the score is
based on absolute criteria. No account is taken of the pilot ’s past
experience or amount of training received .

• 28
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TABLE 11—2

SUMMARY OF MEASUREMENT START-STOP LOGIC CONDITIONS

EXPLANATION

START Unfre eze or Continue (beg inning of maneuver)

CPS Close of previous measurement segment

RTR Right Turn — Running 4—second average of turn rate greater
than 2°/sec to right

LTR Left Turn — Running 4—second average turn rate greater
than 2°/sec to left

SL Straight and Level flight; Running 4—second average turn rate
less than .5°/sec

ACF— l A/C 1 tim from stated or understood fix (beacon or intersection)

CCL—x° Cross course line x at fix (reciprocal extension of course
line understood)

ACD—x Aircraft distance (x nm) orthogonal to stated or understood
course line

TIM—x Time period, X seconds

0 o 0HDA—x Heading 5 second average x

ALTB—x Altitude below x feet

ALTA—x Altitude above x feet

DES Descent VAS more than 200 f pm downward

-
• 

CMB Climb — VAS greater than 200 fpm upward

TPC Torque prea~ ure for climb greater than 27 psi

• RRF Receive radio f ix (occurs only during Localizer Backcourse Approach)
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CURRENT GRADING SYSTEM

The current grading system, as of November 1977 , for instrument
maneuvers is the same in the UH1FS as in the actual aircraft. After
completion of an instruc t~ional period , the IP assigns a letter grade——
A, B , C , or U (unsat isfactory)——for performance of a particular maneuver
or series of procedures. The grade is largely based on the IP’s judgment,
although there are some explicit performance criteria. In arriving at a
grade, the IP takes into account the amount of training received by the
student.  In practice , it has been found that most students predomirately
receive B grades which provide no information for training management
other than the student ’s performance has been judged by the IP to be

• sat isfactory. Although a C is defined as satisfactory, in practice it
• is considered a poor grade which, along with any U grade, must be explained

by the IP in writing on the daily grade slip . Grades of A are rarely
given .

RECO MMENDED GRADING SYSTEM

In contrast to the above situation , the grading system recommended
for use in the ~H1FS, which is compatible with the recoimnended inf light
grading system1 is based on performance relative to a specific standard
for each aircraf t  control component of the maneuver , i . e . ,  airspeed ,
heading, etc., as discussed previously . The grade is therefore criterion

• referenced and objective because the process by which the performance
measures lead to a composite grade is explicit and unambiguous. Since
the standards of performance do not change as a function of training
time, progress toward the final desired proficiency level can be seen by
improvement in the grade. -“

The recommended format for the grading system is a six—point numerical
scale ranging from one (1) to six (6) . A score of 1 indicates the worst
performance level , and 6 indicates the best performance level. Grades
within the range of 1 to 3 are considered to reflect degrees of unsatisfactory

• performance, and grades within the range of 4 to 6 are considered to
reflect d~grees of satisfactory performance.

The overall maneuver grade is based on scores determined for each
maneuver segment. Segment scores are derived by determining whether the
measures applied within each segment has exceeded one of the three
tolerance levels described in the previous section. Recall that tolerance
level 2 is considered the dividing line between satisfactory and unsatisfactory
performance. If any measure is in the unsatisfactory range, i.e.,
exceeds tolerance level 2 , the segment score will be in the unsatisfactory
range. In turn, if any segment score is in the unsatisfactory range,
the maneuver grade also will be in the unsatisfactory range. How the

• 18
• op. c i t . ,  Ref. 9
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exact segment scores and maneuver grade will be determined within the
satisfactory and unsatisfactory ranges will be described in turn.

SEGMENT SCORES

The segment score within either the satisfactory or unsatisfactory
range is determined by the number of measures that exceed particular
tolerance levels. Within the satisfactory range, i.e., no measures
exceeding tolerance level 2, the number of measures exceeding tolerance
level 1, the most stringent tolerance level, determines the grade.
Within the unsatisfactory range, the number of measures exceeding tolerance
level 2 or tolerance level 3 determines the segment grade.

Within the satisfactory range a segment score of 6 is assigned if
all the measures are within tolerance level 1. A score of 5 is assigned
if only some measures are within tolerance level 1. A score of 4 is
assigned if all the measures exceed tolerance level 1.

Determination of the segmelit score within the unsatisfactory range
is also simple. The hi~be1l grade achievable is a 3, which is assigned
if no measure exceed~—f[o1erance level 3 but some measures exceed tolerance
level 2. A score ot 2 is assigned if no measures exceed tolerance
level 3 but all measures exceed tolerance level 2. If one or more
measures exceed tolerance level 3, a score of 1 is assigned. Table II—3A

• summarizes the criteria for each segment score.

For ease of understand ing, the criteria for a score is expressed as a
score falling within a performance band. A performance band is simply
the range of performance that falls on one side or the other of a tolerance
level. Since there are three tolerance levels , four bands are defined
for which performance is: ( 1) better than tolerance level one; (2)
between tolerance levels 1 and 2; (3) between tolerance levels 2 and 3;
and (4) worse than tolerance level 3.

W.NEUVER GRADES

Maneuver grades are derived from segment scores in a manner analogous
to the determination of the segment scores. A maneuver grade in the
satisfactory range (4 — 6) can occur only if all segment scores are 4 or
above. A grade of 6 is assigned if no segment score is less than S and
at least one segment score is 6. A grade of 5 is assigned if no segment

• score is less than 4 and at least one segment score is 5 or 6. A grade
of 4 is assigned if all segment scores are 4.

A maneuver grade in the unsatisfactory range (1 — 3) can occur only
• if all segment scores are 3 or less. A grade of 3 is assigned if no

• segment score is less than 3. A grade of 2 is assigned if one or more
• 

• segment scores is a 2 but none less than 2. A score of 1 is assigned if
any segment score is a ‘ . Table II—3B summarizes the criteria for each

• maneuver grade.
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Table 11—3

CRITERIA FC!R ASSIGNMENT OF SEGMENT SCORES AND
MANEUVER GRADES BY THE UH1FS AUTOMATED GRADING SYSTEM

A. SEGMENT SCORING

SCORE CRITERION

6 All measures within performance band 1

• S Some measures within performance band 2 -

4 All measures within performance band 2

Satisfactory

Unsatisfactory

r. 3 Some measures within performance band 3

2 All measures within performance band 3

1 One or more measures in performance band 4

• B. MANEUVER GRADING

• GRADE CRITERION

6 No segment score less than 5; one or more segment scores of 6

5 No segment score less th*n 4; one or more segment scores of 5 or 6

4 No segment score less than 4

Satisfactory

Unsatisfactory

• 3 No segment score less than 3

2 No segment score less than 2

1 One or more segment scores of 1
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Producing maneuver grades by a two—step process, i.e., determining
segment scores, then determining the maneuver grade, is recomaended for
several reasons. First, performance errors are likely to be grouped by
segments rather than by type of measure. That is, a segment may be
diff icul t  and have a low score due to errors on several different measures
rather than consistent errors for specific measures such as altitude,
airspeed , etc., occurring in several segments. Segment scores also
provide more information to the pilot or IP by giving an intermediate
reference for performance between the global maneuver grade and the
detailed , single diagnostic message. Finally, producing a segment score
presents no particular implementation problem. If, af ter experience
with the measurement system, the segment score is found not to be useful,
it can be easily deleted and maneuver grades can be computed directly
from the performance measures.

The choice of s~.x grade levels based on the recommended inflight
grading system, was not arbitrary. Since the recommended inf light
grading system requires recording of selected variables, i.e., head ing,
altitude, etc., by the IP , the amount of data that can be obtained is
necessarily limited. It was determined that distinguishing six levels
of performance was the maximum resolution that could be obtained with

- • 
the limited inflight data. The current inf light assessment system
allows for only four levels of performance. Future developments in both
the inflight and automated UH1FS performance measurement systems may
allow the number of levels to be increased. For the moment, it appeared
to be an important consideration that there be continuity in the two
grading systems. For research purposes, it would be a simple matter to
have the automated performance measurement system produce more than six

- 
• grade levels. This type of refinement , however , must await implementation.

It should be noted that an error for a particular measure, i.e.,
airspeed , etc.,  is counted only once during a maneuver segment. As will
be seen in Chapter III, a distinction is made between maneuver segments

• and measurement segments. Several measurement segments make up a maneuver
segment. A particular measure frequently occurs during several measurement

• segments. For scoring purposes, however, only the most severe error
• that occurred for a particular measure during a maneuver segment is used

for scoring and diagnostic message purpose..

DIAGNOSTICS

In addition to providing segment scores and a composite maneuver
grade, the automated performance system will produce diagnostic error
messages to tell the student pilot and his IP which elements of performance
were within what performance bands during each segment of the instrument
maneuver flown .

The diagnostic error messages reflect the basic philosophy of the
automated performance measurement system. Critical variables of aircraft
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control , navigation and radio procedures are measured and errors, departure
of critical variables beyond the specified tolerance level , are reported .
The diagnostics do not relate to pilot performance per se. That is,
they do not tell the pilot what control errors he made that produced the
critical variable error. Interpretation of the critical variable error
in terma of what def iciency of the pilot caused the error is lef t to the
IP. It is likely that the interpretation of the diagnostics by the IP
will take into account the pattern of errors within the segments and
throughout the entire maneuver.

The diagnostic error messages may also be of interest to training
managers. That is, patterns of errors that occur frequently for a large
number of student pilots or persist throughout most of the instrument
training phase may indicate specific target areas for training improvement . 4

or intensification. On the other hand, the absence of certain types of
errors may suggest that certain training elements can be shortened or
eliminated.

A single diagnostic message is associated with each of the 22
measures described in an earlier section of this chapter. There are,
theref ore, no interpretive elements between the occurrence of the error
and its reporting as a diagnostic message.

All 22 diagnostic error messages are shown in Table 11—4 . Each
message is a clear text sentence with one or two variable fields which
indicate the value of the tolerance level exceeded and, when appropriate,
the direction of the error in terms of the desired value, i.e., “greater
than” or “less than.” To minimize the number of characters that must be
printed for each diagnostic, the symbol “ > “ is used for “greater than”
and the symbol “ < “ is used for “less than.”

The first few words of each diagnostic error message names the
measure which produced the error message. This allows the pilot or IP

• quickly to scan the lefthand portion of the error message output to
• determine the nature of the errors committed during the maneuver. On

• the left most portion of the page, a symbol indicating the performance
band , i.e., (blank), — , or * is printed so that the pilot or IP can scan
the righthand margin of the output and determine where the m ost ser ious
errors occurred. Each diagnostic message requires only one line of
print. The complete form of the printed output is described in the next
section.

PRINTED OUTPUT FORMAT

The printed output for each maneuver will consist of three sections:
(1) a header section with spaces for entering the pilot rank and name,

• i and the date. Since the UH1FS has no keyboard to enter alphanumeric
information, this information will be written on the output form either
by the pilot, his IP , or the console operator. The name of the maneuver
and the cockpit number will be printed by the automated performance

.L 
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measurement system. (2) The overall numerical grade for the maneuver
and some modifying information, and (3) the name of each segment, the
segment score and the diagnostic error messages for each segment of the
maneuver .

Header Information

The recommended information elements of the header area are:

1. Name of Pilot Rank ( )
______________________________

First Name MI Last Name
2. 1)ate___________ dd (day)/imn (month)/ yy (year) or julian date
3. Maneuver Name•________________________________________________

(2. and 3. will be printed by the automated performance measure—
ment system.)

The maneuver names to be printed are :

a. BASIC INST - CMB AND DSD TURNS

b. NDB RWY 5 COLUMBUS METRO POLITAN

c. VOR A DOTHAN

d. ILS RWY 9 DANNELLY FIELD

e. LOC BC RWY 13 DOTRAN

f. HOLDING SEALI INTERSECTION

Grade

The composite grade for the maneuver will be a number (N) from 1 to
6. The basis for this grade was discussed previously. The format for

• the grade is:

-
• MANEUVER GRADE : N

Segment Scores and Diagnostic Error Messages

For each maneuver the segment score appears on the line with the
segment title. The segment titles for the six maneuvers are shown in
Table 11—5. The diagnostic error messages follow on succeeding lines.

The 22 diagnostic error messages are shown in Table 11—4 . Each
message has a total length of less than 80 characters so that each
message will require only one line of print. The performance band for

• each measure is shown by the symbols in the righthand column. For
• performance band 1, no message is printed. For performance band 2, the

message is printed with no symbol in the righthand print column. For

~~
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Table 11—4

DIAGNOSTIC MESSAGES FOR UH1FS PERFORMANCE MEASURES
(Only one of the particular symbols and values shown

in parentheses are printed.)

MEASURE NO. MESSAGE

1 Airspeed G. c )  90 knots by (5, 10, 20) Knots . ( ,_ ,*)

2 Trim Error > ( .25 , .50 , 1.0) Ball Width ( ,_ ,*)

3 Bank Angle > (16, 20, 25) Degrees ( ,_ ,*)

4 Average Turn Rate (> c) (.15, .3, .6) Deg/Sec of 3 Deg/Sec ( ,~~~~,*)

5 Altitude (> c) Required Altitude by (50, 100, 200) Feet ( ,~~~~, *)

6 Minimum Altitude Violated by > (20 , 50) Feet for 5 Seconds ( ,_ ,*)

7 Rate of Descent (> c) 500 Feet Per Minute by (50, 100, 200)
Feet Per Minute • - ( ,_ ,*)

8 Rate of Climb (> ‘c) 500 Feet Per Minute by (50, 100, 200) Feet
Per Minute • ( ,_ ,*)

9 Heading on Rollout Error More Than (5, 10, 20) Degrees ( ,—,~
)

10 Heading Tracking Error More Than (5, 10, 20) Degrees ( ,~~ *)

• 11 Total Time Error (> ‘c) Required Time by (5 , 10, 15) Seconds ( ,— ,~~)

12 NDB Course Tracking Error >(3, 5, 7) Degrees Beyond 1 Mile From
Station ( ,_ ,*)

13 NDE Course Tracking Error >(3, 5, 7) Degrees Within 1 Mile Pros
Station ( ,_ ,*)

• 14 NDB Course Position Error > (5, 6, 7) Degrees on Rollout ( ,~~. ,*)

15 VOR Course Tracking Error > (2, 3, 5) Degrees Beyond 1 Mile From
Station ( ,_ ,*)

16 VOR Course Tracking Error > (2, 3, 5) Degrees Within 1 Mile Fr om
Station ( ,...,*)

11 VOR Course Position Error > (2, 3, 5) Degrees on Rollout

18 Localizer Tracking Error ‘(1, 2, 3) Degrees

19 Glideslop. Tracking Error (> ‘c) ( .1 , .2 , .3) Degrees
means above and < means below Glid.slop.) ( ,_ ,*)

20 VOR Radio Tuned to Wrong Frequency -

21 OBS Setting Error ‘(1, 2, 3) Degrees ( ,_ ,*)

22 Radio Call Not Transmitted at l.q~irsd Time -

4 -~~~~~~~~~~ • - - -



performance band 3, the symbol “ — “ appears in the righthand print column .
For performance band 4 , the symbol “i” appears in the righthand print
column. An example of the recommended printout is shown in Figure 11—1.

The automated measurement system will operate in two modes : the
automatic mode (AUTO) or the checkrjde mode (CK—RIDE) mode. For output
format description it is only necessary to state that in the AUTO mode
only the header information score, or fatal error indicator, will be
printed. The diagnostic error messages will not be printed . In the CK—
RIDE mode, the score , or a fatal error indication, will be printed , plus
full diagnostics. In the event a fatal error occurs, no score is printed.
The words “FATAL ERROR” and the source of the fatal error are printed .
The FATAL ERROR source messages are~ (a) AIRSPEED, (b) BANK ANGLE , (c)
DESCENT RATE , (d) ALTITUDE , (e) RADIO FREQ, ( f)  AIRSPACE , (g) TIME, and

- 

- .  
(h) TURN DIRECTION .
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Figure 11—1

EXAMPLE OF PRINTED OUTPUT FOR UHIPS PERFORMANCE MEASUREMENT
(Diagnostic error messages for three segments only are shown.)

_

~

k?

~

e ~ !__±~_±L~ 29 Feb 78 CKPT #2
RANK NAME SSN

MANEUVER: VOR A DOTRAN

MANEUVER GRADE : 1

ERRORS:

SEGMENT: INITIAL TRACKING TO VOR SCORE : 3

AIRSPEED > 5 KNOTS OF 90 KNOTS

N TRIM ERROR > .50 BALL WiDTH -

H
SEGMENT : TURN AND INTERCEPT OUTBOUND COURSE SCORE : 3

- 

~
• 

AVERAGE TU RN RATE < .2 DEG/SEC OF 3 DEG/SEC

MINIMUM ALTITUDE VIOLATED BY 20 FEET FOR 5 SECONDS -

OBS SETTING ERROR > 1 DEGREE

SEGMENT : TRACKING OUTBOUND SCORE : 1

TRIM ERROR > .50 BALL WIDTH -

• 
VOR COURSE TRACKING ERROR > 7 DEGREES *



- - _ _  _

Table 11—5

MANEUVER AND MANEUVER SEGMENT TITLES
FOR DIAGNOSTIC ERROR MESSAGE SECTION OF OUTPUT

CLIMBIN G AND DESCENDING TURNS

I Straight and Level
2 Climbing Left Turn
3 Straight and Level
4 Descending P~ght Turn
5 Straight and Level
6 Climbing Left Turn
7 Straight and Level
8 Descending Right Turn
9 Straight and Level
10 Level Left Turn

NDB APPROACH

1 Initial Tracking to Beacon
2 Turn and Intercept Outbound Course
3 Tracking Outbound
4 Procedure Turn Outbound
5 Procedure Turn Inbound
6 Tracking Inbound

• 7 Beacon Inbound
8 Missed Approach

VOR APPROACH

1 Initial Tracking to VOR
2 Turn and Intercept Outbound Course

- 1 3 Tracking Outbound
4 Procedure Turn Outbound
5 Procedure Turn Inbound
6 Tracking Inbound
7 VOR Inbound
8 Missed Approach
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___________

—continued-

Table 11—5

ILS APPROACH

1 Initial Tracking to Beacon
2 Turn and Intercept Outbound Course
3 Tracking Outbound
4 Procedure Turn Outbound
5 Procedure Turn Inbound
6 Tracking Inbound
7 Glideslope Inbound
8 Missed Approach

LOCALIZER BACKCOURSE APPROACH

1 Intercept Localiaer Course
2 Tracking Inbound to Fix
3 Fix Inbound
4 Missed Approach

HOLDING AT INTERSECTION

1 Initial Tracking to Fix
2 Entry Right Turn Outbound
3 Entry Track Outbound
4 Entry Right Turn Inbound
5 Entry Track Inbound

6 10 14 Right Turn Outbound - (1, 2 or 3)
• 7 11 15 Track Outbound — (1, 2 or 3) repeated 3 times

8 12 16 Right Turn Inbound — (1, 2 or 3)
9 13 17 Track Inbound — (1, 2 or 3)
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CHAPTER III

UN1FS SYSTEM ANALYSIS AND DESIGN IMPLEMENTATION
REQUIREMENT S FOR AUT(~fATED PERFORMANCE

MEASUREMENT AND GRADING SYSTEM

This chapter is divided into t~io parts. The first part is an
analytic description of the computer equipment and sof tware which suppor ts
instrument flight training in the UE1FS. The second part is a description
of the sof tware implementation design for the automated performance
measurement and grading system.

• 

- 
UH1FS SYSTEM DESCRIPTION

The UH1FS system is a composite of equipment and sof tware which
prov ides four independen t instrument training environmen ts (cockpits)
that are similar to the UH—1 helicopter. Each cockpit is mounted on a
5—degree—of—freedom motion base. The discussion below is limited to the
computer hardware and sof twar e directly involved in running instrument
flight simulation. That is, only the real—time processes of simulation

• 
- will be considered. There will be no discussion of non—real—time processes

such as prepara tion of maneuver prof iles or running of diagnostic programs
for hardware and software checking.

COMPUTER SYSTEM HARDWARE

The real—time hardware system is shown in Figure 111—i. It consists
of three computers; two Model 516 Honeywell and one Model 620/L100
Varian computers. The Honeywell computers do most of the simulation
work. The Varian is used only to show information on the CRT displays
located in each of the cockpits and at the simulator control console.
The computers are interconnected to allow the rapid transfer of large
amounts of data between computer memories. Special hardware, called an
Inter—Computer Communication Unit (ICCU) , is used for this purpose.
Each of the Honeywell computers has a disk memory which is used to store
both programe and simulation data. The major connection, or interface,
between the four cockpits and the control console is through the No. 1
Honeywell computer. This same computer also has a real—time clock
which drives the entire simulation system.

UH1FS SOFTWARE DESCRIPTION

• Basic functions (real—time software tasks) performed by each computer
- • in th, system are listed in Table 111—1. As shown in the table, the

principal computer used to implement the mathematical model of the
simulation, is the No. 1 Honeywell computer. Part of the simulation
mathematical model is performed in the No. 2 Honeywell computer.

Timing is critical for the operation of the simulation system. All
events such as mathematical computations, transfer of data between
computers , between th. computers and th . disk , and between the cockpits

41
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and the computers are allocated a certain amount of time within which
the event must be completed. The entire sequence of events repeats
cyclically, if the allocated amount of time for an event expires before
an event is complete (processing capabilities of the system have been
temporar ily exceeded), either the results of the event are ignored as if
they have never happened during a particular cycle or the failure to
complete the event causes an error which may or may not terminate the
entire simulation. Since four cockpits are being controlled independently,
all the events in the simulation processes must be repeated four times,
once for each cockpit. The primary reason for having three computers in
the simulation system instead of one is that it is impossible to do all
the processing required on one Honeywell computer within each cycle.
The processing requirements, or tasks, have therefore been divided among
three computers.

The basic flow of software processing activities in the two Honeywell

• computers is illustrated in Figure 111—2 . Note that there are two basic
chains of processing in the No. 1 Honeywell computer and one in the No.
2 Honeywell computer. Note also the data transfers which occur between
the two computers . The f i rs t  chain , A , is the cockpit data t ransfer  in
and out (I/O) sequence. The second chain is the simulation mathematical
model. The third chain, C, in the No. 2 Honeywell computer is also part

C 
of the simulation mathematical model. Each element of the cockpit I/O

• is addressed 16 times per second. Early in the processing sequence data
• 

- are transferred to the No. 2 Honeywell computer through the ICCU , followed
by an end of record (EOR) code which allows the computer to proceed with
its processing tasks, Chain C, parallel in time with Chains A and B.
Later, data are transferred back to the No. 1 Honeywell computer. The
software tasks associated with the training functions, AUTO—TRAIN , are
then processed in the No. 2 Honeywell computer. The detailed training
software analysis, therefore, is focused on the programs in this computer.

Automatic Training System

The AUTO—TRAIN software provides the means of controlling the
• training use of the UU1FS. As mentioned in Chapter I, AUTO—TRAIN has

• three modes of operation; SEMI—AUTO , AUTO and CK—RIDE . The SEMI-AUTO
mode is the least complex in the AUTO—TRAIN system. It allows any
cockpit to be placed at specific points in the gaming area and also
allows insertion of malfunctions into the various helicopter systems.
Once a cockpit has been established at an initialization point, the
pilot is free to “fly” the helicopter anywhere within the gaming area.
The AUTO— TRAIN system in this mode is relegated to a historical tracking
role and preserves for playback the most recent five minutes of the
flight profile flown.

The AUTO mode is an expansion of the SEMI—AUTO mode. In this mode ,
however, the AUTO—TRAIN system uses a description of the desired flight

• profile to be flown. Using this information, the desired flight profile
can be flown as a demonstration. When the pilot flies the desired
profile eleven of the flight variables are monitored by AUTO—TRAIN. If

44

L:~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~• • • • •_~~~~~ • .  • • • ~~ • —
••



Honeywell Computer No. 1 Honeywell computer No. 2

-

~~ 

,- -

~~64 CPS
al.” Clock ..

I 1—2 I Systems ICCU
Simulation

(••~i) 
o cr~~s Airframe

o~~ONTROL
o AUTO

PILOT

1 Discrete

N EOR 
,‘

—

~~~~
ir——I 

2
~~Fer I

YES
AUTO

• ___________ 
TRAIN

Airframe 
___________

o EOM 2—620o ENGINE 
~~er

<7.~~~~~~
ete 

_ _ _  

I

o [
Dis~iay~

£ CD
Reader

• <:I:_:iI:>...{II;III 
Figure 111—2

Process and Data Flow in UR1FS Computer System
Nomb.rs in diamonds are clock periods. Circled lett.rs are the
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one or more of these variables exceed a tolerance limit , the system is
capable of providing a taped voice cue and the error is displayed on the
CRT and printed on the line printer. Voice tapes controlled by AUTO—
TRAIN give the pilot a briefing of the desired flight profile and provides
simulated ground communications. The direction and velocity of winds
can be changed and , as in the SEMI—AUTO mode, malfunctions can be inserted.

The CK-.RIDE mode is an expansion of the AUTO mode because the
entire sequence of preprogrammed flight profiles in the AUTO mode are
grouped together, creating a checkride. In the CK—RIDE mode, the demon-
stration capability , audio cueing and playback are not available.
Performance data are stored for all members of a particular IERW class
for later analysis by other programs.

• EVENT BLOCKS

Primary to the operation of the AUTO—TRAIN system is the ability to
establish a desired initialization point for the aircraft and a desired

• profile that the aircraft should fly. The desired profile is established
by defining a series of specific points in space and/or time at which
identified events occur. Events can be a simple audio message or a
complex alteration in the desired path of the aircraft. The initialization
and desired profile information is available to the AUTO—TRAIN software
from a series of data blocks, each of which is called an Event Bl ock.
Each Event Block is fifty computer words long and the series of Event

• • Blocks that define a maneuver profile are stored on the disk.

The information in the Event Blocks can be used by AUTO-TRAIN to
either fly a demonstration profile of an instrument maneuver or check
the pilot ’s ability to fly the desired maneuver profile .

During the course of simulated flight, two Event Blocks in the
series are always available. These two blocks are designated as TEB
(This Event Block) and NEB (Next Event Block). Differences in the

• values of these two blocks are used by the software to determine the
desired change in the flight profile. As a simulation proceeds, the NEB
becomes the current TEB, and a new NEB is brought into the computer from
the disk.

Each of the fifty words in an Event Block is reserved for a specific
purpose. Most words of the Event Block contain a single value. In some
words of the Event Block , a particular bit or small group of bits , is
used as codes to indicate whether a particular function should or should
not occur. An example Event Block is shown in Table 111—2(a). Each

• word of the Event Block contains only the value. The units of the value
and its functions have been established by convention in the software
design. The words in the Event Block that contain bit codes are shown
in Table 111—2(b).
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TABLE 111—2 (a). EXAMPLE EVENT BLOCK

Word * Value Unit Function

WP 1 127436 Oct A/P MODE
WP 2 000000 Oct NAV MODE
WP 3 31.773 N.M INIT LOC N

• WP 4 35.937 N.M INIT L.OC E

WP 5 0 DEC PITCH
WP 6 2.484 DPS P/It LIM
WP 7 0 DEG ROLL
WP 8 4.968 DPS R/R LIM
WP 9 0 PSI TQ PRESS CHNG
WP 1O 0 DEG YAW
WP11 4.968 DPS Y/R LIM
WP12 89.656 KTS lAS
WP13 0.918 BAR ACCEL LIM
WPl4 3000 FT. ALTD
WP1S 499 .687 FPM CLIMB RATE
WP 16 9.997 DEG TRUE HEADING
WP 17 620 NO. EL/PHASE/TASK
WP18 100.000 MHZ VHF FREQ

• WP19 355 KHZ ADF FREQ
WP2O 9.997 DEG MAC CRS TRK
WP2 1 2200 FT. MIN ALTD
WP22 33.714 N . M  STA LOC N
WP23 36.351 N.M STA LOC E
WP24 33.714 N.M EXIT LOC N

WP2 S 36.351 N .M 
• 

EXIT LOC E

WP26 7163 LBS GROSS WT
WP27 1430 LBS FUEL WT
WP28 141 INC CENTER OF G
WP29 59 DEG OAT
WP3O 29.889 IN.  BARO PRESS
WP31 20.006 DEG WIND FROM
WP32 10.005 KTS WIND SPEED
WP33 0 NO. TURB LVL
WP34 27 NO. MSG NO.
WP35 0 NO. ADAPT LVL

-

• 
WP36 100002 OCT END MODE
WP37 0 SEC END TIME
WP38 0 NO. RESET SEG NO.
WP39 000000 OCT ADAPT SCORE
WP4O 0 NO. MANEUVER NO.
WP41 0 NO. SPARE
WP42 0 NO. SEGMENT ID.
WP43 0 NO. STATIC LVL
WP44 5 NO. SOUND L.VL

• WP45 0 NO. APU
WP46 000000 OCT MALF tDENT MODE

-
• ~ WP47 0 SEC MAZE TIME

WP48 0 MALF EVENT
WP49 102401 OCT DISPLAY MODE
WP50 8 NO. DISPLAY CODE
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TABLE 111-2(b), DETAIL OF EVENT BLOCK WORDS
WHICH USE BITS FOR FUNCTION CONTROL

AUTO TRAINING

WORD 1, AIRCRAFT PERFORMANCE WORD 2 , NAV MODE

Bit 1 Eng Run Bit 1 Turn Std Rate
2 Sb Time 2 Home to Location
3 Initialize 3 Spare
4 Auto Rotate 4 Nay Intercept
5 Op Pedals 5 Nay Track
6 Op Lateral 6 To or Front Course
7 Op Longitudinal 7 Fly VOR
8 Op collective 8 Fly ADF
9 Fly Pitch not lAS 9 Fly ILS Localizer
10 Fly Roll not Heading 10 Fly ILS Glideslope
11 Fly Power not Altd 11. Spare
12 Fly Yaw 12
13 Fly lAS not Pitch 13 Task Start
14 Fly Altd not Power 14 Task End
15 Fly Heading not Roll 15 Spare
16 Make left turn 16 Skip next Initialize

WORD 36, END CONDITION S WORD 39 , SCORE CONTROL

Bit 1 End on Initialize Bit 1 Score Track
2 End not Freeze 2 Score Glide Slope
3 End on poaition 3 Score Altd
4 End on Track 4 Score lAS
5 End on Heading 5 Score Heading
6 End on Altitude 6 Score Roll
7 End on lAS 7 Score Pitch
8 End on Yaw 8 Score Yaw
9 End on Roll 9 Score Rate of Climb
10 End on Pitch 10 Score Rate of Trun
11 End on Torque Press 11 Score Torque Pressure

• 12 End on Rate of Climb 12 Spare Trim
13 End on Rate of Turn 13 Spare Mm Alt
14 14 Spare Procedure
15 Play Audio Message 15 Spare Time
16 End of Problem 16 Spare

WORD 46 , MALFUNCTION IDENT MODE WORD 49, DISPLAY MODE

Bit 1 Malfunction Impending Bit 1 Display to Student Crt
2 Event not Time Dependent 5-8 What background Map (0-7)
3 Maif Resetable 9-16 What cozn) Scenario

(1 to 36)
4 Spare

• 5 Spare

10—12 What Maif Work (—1)
13—16 Malf Sublist (—1)

Note: Sub one for input
Add one to output
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Knowing the structure of an Event Block, a fl ight prof ile can be
produced by creating a series of Event Blocks with the necessary informa-
tion. In the UH1FS system, this is done by support personnel using off—
line support programs. Once a profile has been produced by creating a
series of Event Blocks , it can be loaded in the UH1FS computer and used
for training. This is the procedure that was used to create the flight
maneuvers available in the AUTO mode.

Using Event Blocks to describe flight profiles is an integral part
of the entire U}I1FS software structure, and has been accepted as a
design constraint for the creation of the automated performance measure-
ment and grading system.

AUTO-TRAIN SOFTWARE TASKS

The next step in the analysis ~as to understand how the AUTO—TRAIN
software worked during real—time simulation. This was accomplished by
reviewing the AUTO—TRAIN program listings. The basic software structure
of part of the AUTO—TRAIN is illustrated in Figure 111—3 which shows the
tasks of a software routine called “HASH.” Within this routine are the
software modules which perform the tasks of inserting malfunctions,
controlling a flight demonstration, the determination of the completion
of an Event Block, performance monitoring, and control of the voice
messages (br ief ings, alerts and ground coimnunications).

• Figure 111—3 also shows the cyclic execution rate of these functions.
Most are performed once a second for each cockpit. This is accomplished
by the use of counters within the “HASH” routine. The software code

• within each task of “HASH” was analyzed to determine the maximum expected
- - execution time for each task. This was necessary to determine what

execution time constraints would be placed on the automated performance
measurement and grading system software. It was apparent that some
execution time other than that accounted for by the programs in Figure
111—3 must be reserved because computer processing time is used for
retrieving and placing data on the disk memory as well as for actual

• execution of program instructions.

It appears that several periods of time are available for use by
the proposed performance measurement software since no programs are
allocated to time periods 6 — 9 and 13 (notice omissions of these
numbers in right portion of Figure 111—3). It is possible, however,
that this time is reserved for retrieving and placing data on the disk.

• This analysis implies that implementation of the new performance
measurement system should be accomplished by replacing tasks in the
“HASH” routines rather than simply adding additional tasks. As will be
seen in the nex t section, it was possible to do this. It is important

• - that the performance measurement programs replacing current programs
should use approximately the same execution time as the removed programs
since the timing of other program activities may depend on the time

• sequence of the “HASH” modules.
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MEMORY ALLOCATION

It was important to determine how the memory in the Honeywell No. 2
computer was allocated . That is, it was necessary to know how much
memory space each task required and exactly where it was located. The
No. 2 Honeywell computer has a total of 24,576 words of memory. For a
variety of reasons related to ease of prograimning, the memory is considered
to be divided into 48 sectors of 512 words each. Table 111—3 is a list
of the 48 memory sectors and the software tasks which reside in them.
The AUTO—TRAIN “HASH” is located in sectors 4 through 12. Software in
these sectors manipulate data contained in other sectors. The data
storage structure within these other sectors is as follows:

1. Variables associated with each of the four cockpits are located
respectively in sectors 18 through 21. In addition, sector 17 is used
for storage of data related to all of the cockpits.

2. The AUTO—TRAIN software that controls the printer uses sectors
46 and 47. In addition to the control software , the messages that can
be printed are located here also.

3. Software and storage area for data that are transferred between
computers uses sectors 22 and 23.

4. Sector 1 contains a list of pointers (addresses of memory) used
by most of the software routines in the computer. In addition , sector 1
contains a 50—word b u f f e r  called ZTEM which is temporary storage that
can be used by any of the software routines.

This completes the necessary analysis and description of the UH1FS
system computer equipment and software.

IMPLEMENTAT ION DESI GN

This section describes the implementation design requirements for
the automated performance measurement and grading system. Table 111—4
suimnarizes the requirements of the measurement and grading system,
characteristics of the existing UH1FS system which impact on the iinple—
mentation design, and general features of the design which make implemen-
tat ion feasible without additional hardware. The implementation design
of the performance measurement and grading system can be understood by
considering it to have two major parts. The first part is the processes
that occur during measurement and grading, i.e., the software tasks.

• The second part is the organization of tables, including Event Blocks
which the software uses. These two parts are described below. Some

- - 
. minor features of the implementation design have been omitted to allow a

clear presentation of the general implementation design concepts. These
minor features, however, will become obvious to anyone involved in the
actual implementation .
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Table 111—4

Suunary of Measurements and Grading Requirements,
UH1FS System Constraints and Implementation

Features For Automated Performance
Measurement and Grading System

A. PERFORMANCE AND GRADING REQUIREMENTS

1. Compute 4—second running average for measurement and start/stop
logic variables

2. Changing desired values for most variables

3. Three fixed tolerance levels for most variables

4. 15—second history of in or out of tolerance for most variables

5. Three fixed “time out of tolerance” levels for most variables

6. Score based on highest tolerance level exceeded plus percentage
of variables exceeding tolerance level 1

7. Diagnostic text message for each measured variable with output
organized by maneuver segment

B. UH1FS SYSTEM CONSTRAINT S

1. All 24,456 words of memory in number 2 computer is used for
existing software

2. Memory organized in 512 word sectors

3. Little spare processing capability

• 4. Pervasive use of Event Block structure in system design

C. IMPLEMENTATION FEATURES

1. Reasonably limited number of measurement and start/stop logic
variables (30 or less)

2. Heavy reliance on bit coding, i.e., use of bits or bit strings
rather than full words (16 bits) to store most information

3. Simple logic with minimal numeric computations

4. Removal of UH1FS software modules not necessary during
performance evaluation to provide memory space and processing

• time

5. Use of words or parts of words in Event Blocks for measurement
system purposes



ME~~SUPEMLNT AND GRADING PROCESSES

Table 111—5 shows the principal tasks that occur during performance
measurement and grading. Figure 111—4 is a schematic representation of
the software processes that accomplish these tasks.

When a student pilot begins a session in the UI{1FS the disk area
where scoring and diagnostic information will be kept is cleared. At
the beginning of each maneuver , the performance history and scoring
tables are also cleared. Next, two Event Blocks are retrieved from the
disk, The first Event Block contains information about the initial
location of the aircraft, the var iables which will be measured , and the
desired values for those variables. The second Event Block is necessary
so that the UH1FS system will know the expected progress of the flight
profile and the measurement stop conditions .

Next, the measurement start/stop logic conditions are checked to
determine if the conditions for starting or stopping measurement have
been met . Assuming that measurement is ongoing, the next step is computa-
tion of the four—second running average values for all variables. Note
that these averages are computed for all variables and not just the
variables which are of current importance for scoring or start/stop
logic conditions. The running average values are computed once per
second. The average is computed by subtracting one—fourth of the current
value of the average and then adding the new value. This computational
procedure achieves the objective of smoothing the data and requires
minimal storage (one word per variable) and execution time.

Next , two processes occur to determine if a variable has exceeded
one or more of the tolerance levels. This determination occurs only f or
the variables currently being measured. First, the running average
value of the variable is subtracted from the desired value. This difference
is than compared successively to the values for the three tolerance
levels. If a tolerance level is exceeded , a bit is set in the part of
the History Table appropriate for the particular variable and the particular
tolerance level exceeded.

Before an error is registered for scoring purposes, the running
average value of a variable must exceed the tolerance level for a specified
amount of time. This time—out—of—tolerance criteria is determined by
check ing to see if the History Table entries for a variable has a string
of bits equal to or exceeding the time—out—of—tolerance requirement.
Since all of the procedures being described here occur on a one—per—
second basis, each bit in the History Table represents one second of
information. The time—out—of—tolerance criteria is checked by comparing
a mask (a bit s t r ing of the desired length with each bit set to 1) to
the bits in the History Table. If all the mask bits match the bit
string in the History Table , then the time—out—of—tolerance criteria have
been met and the bit is now set in the appropriate place in the scoring
table. - -
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TABLE 111—5

PRINCIPAL SOFTWARE TASKS FOR AUTOMATED PERFO RMANCE
MEASUREMENT AND GRADING SYSTEM

o Check disk area for scoring information

INITIAL IZATION C Clear History and Score Tables

o Retrieve f i rs t  two Event Blocks from disk

o Check cond i t ions fo r:

Measu rement s tar t—stop

Maneuver segment end

Maneuver end

o Retrieve next Event Block if r equi red

CONTI NU OUS , ONCE o Update 4—second running average for each variable
PER SECOND

o Subtract running average for each variable from
desired value ; then compare difference to the
three tolerance levels in Standard Table

o Set appropriate bits in History Table

o Compare time—out—of—tolerance mask sequences to
History Table for each variable; if a match is

- ‘  found set appropriate bit in Score Table

o Compute partial maneuver score
END OF MANEUVER
SEGMENT 0 If Score Table full place on disk

o Compute maneuver score
END OF MANEUVER

o Print out header information, score and diagnostic
messages

~~ ~ •• 
• 

•
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Schematic Representation of the Automated Performance
Measurement and Grading System Software Processes
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Until the start/stop logic detects the end of a maneuver segment,
the above steps are repeated. When the end of a maneuver segment is
detected , a partial score for the maneuver is computed based on the
information in the Score Table. Also, the diagnostic messages appropriate
for each error registered in the Score Table are assembled and saved on
the disk. At the end of the maneuver, the overall score is derived from
the partial scores for each segment. The header information, maneuver
score , and the diagnostic error messages are then printed.

DATA TABLES

Four types of tables are used in the automated performance measurement
and grading system: (1) A Standards Table which contains the error
tolerance values for each measurement variable; (2) a History Table

• which contains a 15—second history of whether each variable was out olf
tolerance; (3) a Score Table which contains information on variables
that were out of tolerance for the specified amount of time; and
(4) Events Blocks. Event Blocks are considered tables because they
contain ordered information which is used by the measurement and grading
system.

Tab le 111—6 shows schematic representations of the Standards Table
and the History Table. Each of these tables can be considered to be a
4x32 word matrix. The dimension 32 occurs because information up to 30
variables can be preserved . Two of the words (16 and 32) are used for
other purposes. The dimension 4 occurs because four computer words are
required to store standards information for each variable. The first
three words of memory associated with each variable in the Standards
Table contain the error tolerance values. Note that these are not the
desired values for a given variable, but the amount of error allowed for
each of the three tolerance levels. The desired values come from the
Event Blocks. For example , for altitude the three tolerance levels are
50, 100 and 200 feet with reference to the desired value. The first
three words associated with the altitude variable would contain these
three values. The fourth word associated with each variable is a code
for the time—out—of—tolerance mask size associated with each variable.
That is, this word does not contain the mask itself, but a code which
specifies the time—out—of—tolerance necessary for each tolerance level
before an error is registered. For scoring, the mask code and the three
time—out—of—tolerance criteria which the mask code implies are shown in
the upper righthand portion of Table 111—6. The Standards Table is
integral to the performance measurement software. Only one Standards
Tab le is required for all f our cockpits, since the standà~rds are the
same. Values in this table do not change during the cour~e of perform-
ance measurement.

The History Table is organized similarly to the Standards Table but 4
is used in a quite different way. The History Table may also be thought
of as a 32x4 matrix of computer words. After the difference between the
running average value and the desired value of a variable is compared to
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TABLE 111—6

SCHEMATIC REPRESENTATION OF ORGANIZATION OF
STANDARDS TABLE AND HISTORY TABLE

0 = Instantaneous
= 5 , 5 , 5

Error Tolerance Levels Time—out—of 
~~ 

2 5 , 5 , 10
______________ _____________  Tolerance Mask = 5, 10, 10

f 1 2 
— 3 ‘

~~~eciuence Codes 
— 10, 10, 10

V
A 2
R
I
A -

~~~~~ 
_ _ _ _ _

B
L
E 31
S

32

a
Standards Table Organization
Total words required : 128
Note:  Variable positions 16 and 32 are reserved .

Tolerance History 4—Second
Running

________________.A________________ Average
____________ Tol 2 Tot 3 Value

1
• V
• A 2

R
I
A -_ _ _ _

B
_ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _

E 31
S

32

b
History Table Organization
1 table per cockpit: Total words required
(4 tables): 512

Note: Variable positions 16 and 32 are reserved ;
bit 16 of each word reserved for sign
(±) polarity.
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the three tolerance level values in the Standards Table, either a 1 or a
o is placed in the first bit position (the lowest order bit) of the
first three words in the History Table associated with a particular
variable. For example, during a particular one—second cycle, if the
running average of altitude exceeded the desired value by more than 50
feet but less than 100 feet , a 1 would be set in the first bit position
of the first word associated with altitude and zeroes would be placed in
the second and third word of the History Table. During successive one—
second cycles of the measurement process, the bits in these first three
words would be shifted over one place each cycle, and again, depending
on whether a tolerance level is exceeded , a 1 or a 0 placed in the first
bit position.

This cycle of setting the appropriate bits and shifting one place
effectively maintains a historical record of whether each variable was
within tolerance or exceeded one or more of the tolerance levels defined
for it. Since the computer words are 16 bits long, the historical
record for each variable can be a maximum of 16 seconds in length. Only
15 of the 16 available bits are used, and the 16th or last bi t  is used
to record the sign, ± , of the running average value of the variable with
respect to the desired value. As the measurement process continues, the
information in bi t  position 15 is lost after each shift.

The fourth word associated with each variable in the History Table
is the actual running average value of the particular variable. It is
not absolutely necessary that the running average value be part of the
History Tabl e, but it is a convenient location for it.

The History Table is an extremely compact method for maintaining
information on the degree of error for each variable relative to its
desired value. Only 128 words of memory are required for each historical
table. Four tables are required, one for each cockpit, for a total of
512 words of memory. If actual values were preserved, rather than a bit
code, the amount of storage required would be 16 times greater, i.e.,
8,192 words.

SCORE TABLE

Scoring information is derived by applying the appropriate time—
out—of—tolerance mask sequences to the History Table. If a match is
found, an error score is registered and saved in the Score Table.
Table 111—7 shows the organization of the Score Table. The first three
words contain identifying information that viii be used when the maneuver
score and diagnostics are printed out. Successive copies of the Score
Table are preserved on the disk for each of the four cockpits. Therefore,

• the header information will also be useful to separate the scoring
information for a particular student from that of others.

Each Score Table is a maxiimzm of 30 words in length. Scoring
information from up to three segments of a maneuver can be recorded
before it is placed on the disk. Since all maneuvers involve more than
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TABLE tIT—7

SCORE TABLE ORGANIZAT ION

Maneuver Cockpit Identification
Header
and Score Date
Inf ormation
(3 words) I Maneuver Score

Maneuver Iden ti f ication

Segment Identification . 
-

Segment Score

Segment Variables 1—5 ScoreScore
Information
(9 words) Variables 6—10 Score

Variables 11— 15 Score ____

Variables 16—20 Score

Variab]es 21—25 Score

Variables 26—30 Score

9 Words Var iable Score Codes (3 bits)~
Segment
Score -< (As 000 — Within Tolerance
Information I• i 100 = Fatal Error

I Above)
-

~~ 
[ p01 = Tol. Level 1 Exceeded

p --— plO Tol. Level 2 Exceeded

I p11 — Tol. Level 3 Exceeded
I 9~~’ordsSegment I p is sign (±) polar ity

Score .< (As
Information

Abo’ue)

2 score tablets per cockpit (for buffering); up to three segments
per task before placement of disk.

Total words required (4 cockpits) — 240
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three segments , several copies of the Score Table will have been genera ted
bef ore the end of a maneuver.

The scoring information for each segment also is bit coded. It can
be seen in Table 111—7 that each word of the segment—score group contains
scoring information for five variables. The codes for each variable and
their meaning are shown in the right—most portion of the table.

— The Score Table can be thought of as a buffer, since the information
placed in the table is stored only temporarily in memory , and when the
table is full, it is placed on the disk. It is always possible that the
performance measurement system may attempt to write information in the
Score Table at the same time that it is being transferred to the disk.
Since these two operations cannot occur simultaneously, this conflict is
avoided by having two Score Tables available for each cockpit at the
same time. Thus, while one table or buffer is being placed on the disk,
the performance measurement system can place information in the other
table. This procedure is a comeon computer software technique known as
double buffering.

USE OF EVENT BLOCKS

Event Blocks, described earl ier , are an important part of the UH1FS
system. Event Blocks can be considered as a series of tables which are
retrieved as necessary from disks to provide information to both the
UH1FS simulation processes and also to the performance measurement
system. Since certain software modules will be deleted in order to
implement the performance measurement system, the Event Block words that
these deleted modules would use can be used to provide information to
the performance measurement system. The standard structure of the Event
Blocks makes provision for aircraft variables such as aircraft heading,
airspeed, etc. When the performance measurement system is used, the
Event Block locations for aircraft variables will contain the desired
values. Thus, when new desired values change at different points in the
flight maneuver , the new desired values are available from the next

• Event Block.

The performance measurement system also uses other words in the
Event Block for measurement start/stop logic functions and determining
which variables are to be measured and scored. Table 111—2 (a) shows the
system use of the Event Block words other than those used for storing
desired values.

ADDITIONAL FEATURES

Some additional features of the automated performance measurement
and grading system require explanation. The 15—second History Table for
each variable is necessary because the star t/s top logic tracks the
pattern of change in a variable to determine when measurement is to
start or stop. When a star t or stop condition is confirmed , the data
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for the measured variables over the determination period either will be
included for scoring if measurement is to start or discarded if measure-
ment is to stop. The History Table preserves these data without affecting
scoring until the start or stop of measurement decision has been made.
The History Table is important for a second reason. Since it is a
record of the time—out—of—tolerance states for each variable, it is the
base for application of the time—out—of—tolerance mask sequences to
determine if an error should be recorded in the Score Table.

Fatal errors terminate the measurement of performance and no score
is printed. Diagnostics up to the fatal error segment, however, are
printed. The fatal error tolerances that change will be partially in
the Event Blocks (radio frequencies, etc.), and those that are constant
for all maneuvers (airspeed , bank angle, etc.), will be in a small table
integral to the performance measurement and grading software.

In Table 111—2(b), certain bits of the bit—coded words were not
defined. Their intended use is as follows: bit 12 of word 2 will be
uaed to distinguish between the end of a measurement segment and a
maneuver segment. The bits of word 36 will have the same general functions
as shown in Table 111—2(b), but the exact definitions will depend upon
actual implementation. Bit 14 is reserved for the contingency that more
than one start/stop logic condition may be used to end a measurement
segment. In this event, bit 14 would indicate whether to start or stop
measurement if one of several conditions is true (OR function) or whether
all defined conditions must be met before measurement starts or stops
(AND function). The first 15 bits of word 39 and word 41 (a spare word
in the Event Block structure) will be used to indicate which variables
are to be scored during a measurement segment. Bit 16 of each word will
indicate whether the History Table should be cleared at the end of a
maneuver segment.

REQUIRED SOFTWARE CHANGES

• The implementation requires modification of most of the software
• shown in Figure 111—3 . The software modules that must be dropped ,

modified or added for the automated performance measurement and grad ing
system are listed in Table 111—8. In addition, all of the remaining
software within the No. 2 Honeywell computer must be reviewed to eliminate
indirect references to specific memory locations within the AUTO—TRAIN
system because the modifications will change the absolute memory addresses
of many of the software modules.

During implementation, certain other software in the No. 2 Honeywell
computer must be examined and modified if necessary to allow for the
addition of the new software . The principal areas of concern are the
data movement routines, the memory address pointers located within
sector number 1, and the sectors reserved for the aircraft variables for
each cockpit (sectors 18—21). It is expected that the History Table
will use sector 16 and that the Standards Table will use the last half
of sector 22. These sectors presently are used by routines within the
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AUTO—TRAIN system and, thus, are available for the performance measure-
ment and grading system. The text messages for the diagnostic error
information will use sectors 46 and 47. If additional space is required
for this purpose, it is available in sectors 41 through 44.

The software for controlling the card reader is deleted. The card
reader would be of very minor value to the performance measurement and
grading system and it has , therefore , been dropped in the interest of
providing more memory space for the new software.

USE OF THE AUTOMATED PERFORMANCE MEASUREMENT AND GRADING SYSTEM

The system design requirements include the possibility of two modes
of use, the AUTO mode and the CK-RIDE mode. In the AUTO mode, only the
header information in the maneuver grade score would be printed. In the
CX—RIDE mode the header information, maneuver score and complete diagnostics
will be printed .

MODIFICATION OF PERFORMANCE CRITERIA •

After implementation and some experience with the automated performance
measurement and grading system, it may be desirable to change the performance
criteria. This is easily done by modification of the Standards Table
and/or the time—out—of—tolerance mask lengths. Since these are integral
to the performance measurement sof tware, it will be a simple matter to

• change the criteria to any values desired .
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CHAPTER IV

SYSTEM TESTING , USER HANDBOOK , SYSTEM EXPANSION
AND GENERAL CONCLUSIONS

TESTING

Two tests of the automated performance measuremen t and grading
system are described in this section: (1) acceptance testing and
(2) utility testing (criteria and validity/reliability).

Acceptance testing addresses the question, “Does the system work as
specified by the design requirements?” Utility testing addresses the
question, “Does the system measure and grade instrument flight
performance in a meaningful way, and does it do so in a consistent
manner?”

ACCEPTANCE TESTING

The purpose of the acceptance test is to demonstrate that the performance
measurement and grading system correctly detects performance errors at
the proper time, that a grade Is correctly determined , and that the
printout at the end of a maneuver is correct in all respects. Essentially ,
the acceptance test is proof that the software operates in the manner
specif ied by the performance measurement design.

To determine the correct opera tion of the system, It is necessary to
produce , independent of the measurement system, a time history of all • -

the variables that are measured. These independent data can then be
compared to the output of the performance measurement and grading system.

How the independent data will be recorded and printed in a manner
that allows easy comparison to the performance measurement output is

- 

I part of the implementation design work. It is suggested , however , that
• the recording ~ccur by saving on the disk (or an auxiliary tape unit),

- • 
. the running average values of the measured variables, sampled once per

second , along with the performance measurement data. The software
necessary to accomplish this can be initially included in the measurement
software and removed after  completion of the acceptance test.

The implementation designer will have to determine how , and in what
form , the recorded data will be printed to allow the visual comparison
of the two sets of data. The most likely approach is to reduce and
print the data off line on another computer system .

As a minimum, the independent data should allow for checking of the
— - operation of each individual measure, each start—stop logic condition,

correct error level (tolerance level) detection , correct grade computation ,
and correct printing of the diagnostic error messages.
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Potentially , there are two possible ways of testing the performance
of the measurement system. The first is to use the demonstration flight
features (Auto Pilot) of the UH1FS to produce a flight profile with and
without particular errors. The second way is to have a highly prof icient
pilot fly the maneuvers and commit selected errors at specific times.
Each method has advantages and disadvantages.

Employment of the Auto Pilot assures that the flight profile will be
flown as specified. Programming a flight profile for the Auto Pilot,
however , is not a simple task. Also, because of the design of the UU1FS
control system, the Auto Pilot will try to compensate for certain kinds
of errors. For example, the Auto Pilot cannot be forced to fly out of
trim. It will automatically attempt to bring the aircraft back to proper
trim. Compensation features are deeply embedded in the software system
and cannot be disabled easily.

Use of a skilled pilot is the simplest means for having a desired
f light profile flown. It obviates the need for programming of the Auto
Pilot and allows flexibility in determining what sort of profile should
be flown . The disadvantage is that the pilot may make errors or fail to
commit the desired errors required for the test.

It is suggested that the acceptance test occur after all of the
software for the six maneuvers has been implemented. It may be tempting
to test and accept the software on a maneuver—by—maneuver basis. Since
problems may occur due to software interactions when an entire measurement
system is implemented , it is more prudent to schedule the acceptance
test only after complete software development.

- 
- An Implicit requirement of the implementation of the automated

performance measurement system is that its processing and memory requirements
not interfere with the basic operation of the UH1FS flight control
software. Part of the acceptance test should include a means of demonstrating
this non—interference. The method for the non—interference demonstration

• can be specified only during the implementation design work , since it
- • will depend heavily upon the charac ter istics of the performance measurement

software.

Acceptance Tes t Plan

- 

• 

At the beginning of the implementation work a detailed acceptance
test plan should be developed jointly by the Army COTR and the implementation
contractor. The acceptance test plan , as a minimum , should requ ire tha t :

(1) All six automated maneuvers will be tested .

(2) The specific items to be tested within each maneuver will be stated .

• (3) The number of situations, i.e., the number of instances of each
measure and the tolerance levels of each measure that will be demonstrated
during acceptance testing will be stated .
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(4) The correct operation of each start—stop logic element in the
proper sequence for each maneuver will be proven

(5) The nature of the supporting inf ormation that will be used to
verify correct operation of the measures and start—stop logic will be
specif ied

(6) The proper printing of the output , including the header , grade
and diagnostic information will be demonstrated

(7) Proof of non— interference of the performance measurement software
with the basic UH1FS flight control software will be demonstrated .

(8) That the entire system can be utilized by operational personnel,
i.e., a student pilot or an I? will be shown .

(9) Any software developed for acceptance test purposes will be
documented and will be a deliverable item with the performance measurement
system software documentation.

(10) An outline of activities and a realistic schedule for conduct of
the acceptance test will be prepared.

The acceptance test demonstrates that the implemented software operates
according to the design specifications. Other tests will occur during the
course of implementation that do not relate specifically to acceptance
testing. For example , it is within the scope of the implementation work ,
prior to acceptance testing, to demonstrate that internal computational and
logic routines operate properly and that the system is protected against
timing errors , noisy data , etc.

UTILITY TESTING

The automated performance measurement and grading system design and
implementation design have been arrived at analytically. The designs
were kept as simple and straightforward as possible in the hope that a —

practical and useful instrument flight performance measurement system would
result. Ultimately , however, it will be necessary to conduct empirical
testing for refinement of the system. After completion of the acceptance
test , a program of empirical work should begin to determine the validity and
reliability of the automated performance measurement and grading system.

Validity means that the grade produced is an accurate expression of
instrument flight performance. Reliability means that a pilot with a
given performance ability will receive the same grade each time his
performance is measured by the system. The performance measurement system
would have very little value if every pilot tended to receive the same
grade regardless of his performance ability or the grade received fluctuated
markedly even though there is no reason to believe that the pilot ’s ability
has changed. 

67

- -
~::-~~ 

- 

~~~

-

j~~~~~~ ~~~~~~~~~~~ — - ••~~ 

- 

—=—~-~~~ ---——



- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

The utility testing should be considered to involve two stages :
(1) tolerance criteria testing; and (2) validity and reliability testing.

Tolerance Criteria Testing

The initial empirical work should concentrate on refining the tolerance
levels and the means of producing the composite grade for a maneuver. As
discussed earlier , many of the tolerance levels specified were based on
SME opinion. Collecting data on pilots of known skill levels , i .e. ,  low
experience student pilots, high experience student pilots, rated pilots and
IPs with extensive experience , should allow development of realistic
tolerance levels.

The tolerance levels currently suggested appear reasonable , but
until they can be verif ied by ac tual performance data, decision makers
cannot be confident that the decisions they make based on the unconfirmed
performance criteria are justified. Once the tolerance criteria have
been validated, pilot training and evaluation can be based on realistic
empirically derived criteria rather than criteria that have been chosen
arbitrarily or based on past experience.

The amount of data that might be required for tolerance criteria
testing is difficult to predict without some preliminary data on pilot—
system behavior. It is not known whether the chosen tolerances will
produce a range of performance scores which adequately discriminate between
successful and unsuccessful maneuver performance with useful precision.
By the time acceptance testing is comp leted , the measured pilot—system
behavior will be better known and the amount of testing required to have
confidence in the tolerance criteria will be more predictable. At this
time, however , it is only possible to estimate a minimum and maximum
data collection plan for validity and reliability testing.

As a minimum , two groups of pilots would be required : (1) highly
experienced pilots (IPs), and (2) pilots of very low experience (IERW
students) to expose the system to the range of performance that is expected .
An absolute minimum of three pilots in each group would fly all six maneuvers
one t ime in one or tvo simulator sessions . About twelve hours of simulator
data collection time time would be required.

As a maximum, four groups of pilots would be used: (1) IPs; (2) rated
pilots ; (3) IERW “near—graduates ;” and (4) low t ime students. A maximum
of five pilots in each group would fly all six maneuvers for a maximum
of three replications. About 120 hours of simulator data collection
time would be required. Thus, the boundaries of data collection for

— tolerance criteria testing are between 12 hours and 120 hours of simulator
time, and between 6 and 20 pilots of varied experience levels. In
addition to subject pilot requirements, two or three instructor pilots
would be needed to score student performance . A comparison of ~P scoring
and the measurement system output should indicate the adequacy of the
specified tolerance criteria .
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It is important to note that the purpose of this testing is to insure
that the tolerance criteria are set to levels that will produce a
discriminable range of scores when actual performance quality varies.
Because the whole measurement system is predicated on the validity of
tolerance criteria, the criteria themselves have to be examined empirically
before examining the validity of the results of the measurement, i.e.,
the maneuver grading. The test plan must accommodate the stop of data
collection and changing tolerance criteria as it becomes obvious and neces—
sary to do so. When the investigators are satisfied that the tolerance
criteria produce a discriminable range of scores , the validity testing
work can begin.

Validity and Reliability Testing

Validity of the performance measurement and grading system can be
defined in several ways: (1) ability of the measures to discriminate
between aviators of varying levels of performance (as defined by their
f light exper ience and resulting performance scores) ; (2) the correlation
between the judgments (grades) of IPs and the grades produced by the
measurement system; (3) the degree of instructor confidence in the system
output based on their observation of the maneuver and the system output
(after they have manually scored the maneuver); and perhaps (4) the ability
of the measurement system to predict f inal checkride grades of those studen t
aviators who were tested .

A nominal but formal test plan for these kinds of validity tests
would require the following: three groups of approximately 16 aviators
each (group 1 — low time students; group 2 — near graduate students; and

H 
group 3 — highly qualified experts) would fly a minimum of three replica-
tions of each of six maneuvers. Only three maneuvers would be flown at
one time by any aviator (to reduce the possible effects of fatigue) in a
one—hour test session. Three maneuvers would be flown on two successive
days by each aviator. Thus, each aviator would require six hours of
simulator testing time. Overall, 288 hours would be required over a period
of approximately 18—20 weeks based on a test schedule using four hours
per day , four days per week. This is only a “nominal” plan because student
flow and accessibility have to be considered before the f inal plan is
developed.

Reliability testing is implicit in the validity test plan. The
replications of the maneuvers by the pilots will provide sufficient
information to determine the reliability of the measurement and grading
system.

A test plan which requires less student and simulator t ime resources
may be possible, depending upon the data which result from acceptance
testing and tolerance criteria testing. Data collection economies may be
possible if tolerance criteria testing data may be used also for validity
test purposes. Thus, the above validity test plan requirements must be
considered tentative until the completion of tolerance criteria testing.
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USER HANDBOOK

It is necessary that a handbook be developed which explains to the
pilot—user the background and use of the automated performance measurement
and grading system. The handbook will definitely be necessary since, in
addition to other reasons, the implementation of the automated performance
measurement system will require the removal of the software section that
controls the automatic voice tape maneuver briefing. Therefore, the
maneuver requirements must be given to the pilot in written form.

The handbook should be part of the overall implementation development
and include sections on: (1) the general philosophy of the automated
performance measurement system so the student pilot is aware of how his
performance is being assessed; (2) a description of each measure, including
tolerance and timing requirements to aid in interpreting the diagnostic
messages; (3) the grading concept; and (4) a description of each maneuver,
including the initial conditions, the performance requirements, the correct
radio settings, and a schematic diagram of the desired maneuver flight
profile.

The maneuver descriptions should include a clear statement of the
requirements that are arbitrary for the sake of performance measurement,
i.e., the requirement to parallel an outbound approach course for one

-

• 
minute , make all climbs and descents at 500 f pm , and track all outbound

- 
I courses for two minutes ; (5) a table describing how to invoke or “dial

up” each maneuver and modes (AUTO or CK—RIDE) and the options available
during the AUTO mode .

In other words , the purpose of the handbook is to give the pilot
complete understanding of the measurement system , how his performance will
be assessed and graded , and how to use the system.

EXPANSION OF MEASUREMENT SYSTEM

The automated performance measurement system was specifically designed
to grade performance on six Basic and Advanced Instrument maneuvers.
The measures and principles of application , however , are general and can

- -
~ be expanded easily to other instrument maneuvers. Also , based on the

previously described methods used to develop the measure set, additional
required measures can be developed . The only constraint is the capacity
of the UH1PS hardware and software to accommodate the extensions.

At some future time it may be desirable to expand the number of
maneuvers for which performance can be assessed . During the maneuver
analysis phase of this work, it became apparent that there are several
types of ins trument fligh t maneuvers that would be a useful par t of the
automated Advanced Instrument maneuver package . Specifically, a VOR or
NDB holding maneuver appears to be desirable. The holding at an intersection
is a fairly difficult maneuver for a student pilot, since he must assess
both the VOR and ADF readings to interpret his position. Holding over a
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single beacon would be somewhat less diff icult and may be usef ul f or
training purposes.

Another maneuver which would probably be of grea t utility for Army
aviators is a tactical instrument approach. Tactical instrument flight
is of particular importance to Army aviators and the U1I1FS would be an
excellent means for both training and performance measurement on tactical
instrument inf light navigation and approaches.

In addition to maneuvers that have different performance requirements,
it may also be useful to develop variations on the standard maneuvers
now included in the automated Advanced Instrument maneuver package.
This would insure that a student pilot does not simply learn a specif ic
approach but can apply the same skills and knowledges to a variety of
standard approach and holding maneuvers.

CONCLUSIONS
- 

• 1. Design requirements for an automated performance measurement
system for instrument flight maneuvers in a UU1FS have been developed
analytically. The system is bas’i on final criteria referenced performance
and measurement of the aircraft .rariab].es which are the critical indicators
of performance.

2. The performance measurement system will produce a composite grade
for each instrument maneuver that is compatible with the concurrently
developed in! light performance assessment system. Diagnostic error
messages which reflect the magnitude of error of each measured variable
within each segment of maneuver also will be produced by the system.

3. Implementation design requirements for the automated performance
measurement and grading system have been developed which have minimal
processing and memory needs. They are compatible with existing UR1FS

-
. 

control software and no additional hardware is required.

4. The automated performance measurement system should be imple~sented
and, after acceptance test completion, subjected to empirical utility testing. -
Par ticular attention should be paid to the tolerance levels specif ied for
each measure.

5. A handbook which describes the purpose , function, use and
interpretation of the output of the automated performance measurement
and grading system should be developed concurrently with implementation
of the system.
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APPENDIX

MAN EUVER DESCRIPTIONS AND PERFORMANCE
MEASUR EMENT REQUIREMENT S

This appendix contains six sections , one f or each of the six automated
Basic and Advanced Instrument maneuvers implemented in the UH1FS , for which
a performance measurement design has been developed. The six maneuvers
are: (1) Climbing and Descending Turns; (2) NDB Approach; (3) VOR Approach;
(4) ILS Approach; (5) Localizer Backcourse Approach; and (6) Holding at
Intersection.

Each maneuver section contains a general description of the maneuver,
a short discussion, a listing of the maneuver segments, the performance
requirements and common errors associated with each segment, a figure
illustrating the maneuver profile and segmentation, the initial conditions
at the beginning of the maneuver, a tabular summary of the measurement
start—stop logic and measures applied during each segment, and a tabular
summary of the f a t a l  errors which will cause termination of performance
measurement I or each maneuver.

The development of the maneuver segmentation , the measurement start—
stop logic, and the measures were described in Chapter II.

CLIMBING AND DESCEN DING TURNS

A. General Description

The climbing and descending turns problem requires the aviator to
execute a series of heading changes and altitude changes simultaneously.
The time required for each segment is determined by the required altitude
change. That is, the heading change is always completed before or at the
same time the altitude change is completed. All turns are required to
occur at the standard rate of 30 per second and all altitude changes at 500

• feet per minute. Each segment of the maneuver is separated by a 30—second
segment of straight and level flight. The series of climbing and descending
tu rns is execut ed without regard to any fixed geographic location.

B. Discussion

The climbing and descending turns maneuver is considered to be the
most difficult Basic Instrument maneuver, since it requires the coordination
of all flight controls. It is the last in a sequence of progressively more
demanding automated Basic Instrument maneuvers in the UH1FS. If the aviator
can perform the climbing and descending turns maneuver in a satisfactory
manner, it is a virtual certainty that he can perform the preceding maneuvers
of level turns and straight climbs and descents. Each of the Basic Instru—
ment maneuvers consists of three phases: (a) a demonstration phase, where
the control computer flies the aircraft through the maneuvers and an
automatic voice tape describes the salient features to the pilot;

____  
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(b) a guided practice phase where the pilet takes control of the aircraft
and performs the maneuver segments directed by the voice tape , which
also gives hints about how to perform the maneuver; and (c) adaptive
practice phase, where the pilot flies the maneuver, and , depending on
his performance, the turbulence level is steadily increased or decreased ,
making the flying task either more difficult or easier, depending on the
proficiency demonstrated by the pilot.

Climbing and descending turn maneuvers which have been specif ied for
automated performance assessment are the same as those used in the demonstra-
tion. A requirement for 30 seconds of straight and level flight between
each climbing or descending turn has been added to obtain information on
the pilot’s ability in a steady state. The performance data obtained during
the straight and level segments will be of some possible diagnostic value
for those pilots who do not perform well in the climbing and descending
turns.  If the pilot is able to perform well in the straight and level
segments , it is an indication that the proficiency problem is confined to
the execution of turns and descents. On the other hand , if the pi lot does
not do well on the straight and level segments, it will indicate that he
is not proficient in any type of basic aircraft control under instrument
conditions.

The last segment of the maneuver is a leve l turn .  Aga in , th is wi ll be
of diagnostic value similar to that obtained during straight and level flight.
Depending on his performance during this segment, it will be evident whether
his basic aircraft control under instrument conditions is deficient or
whether he has a specific difficulty with performing climbing and descending
turns.

C. Maneuver Segmentation (See Figure 1)

1. Straight and Level

a. Performance Requirements

(1) Maintain heading (3300)

• (2) Maintain al t i tude (2000 f t )

(3) Maintain airspeed (90 K)

b. Common Errors

(1) Failure to establish normal cruise airspeed
(incorrect power setting)

(2) Heading errors

(3) Altitude errors
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2. Climbing left Turn

a. Performance Requirements

(1) Initial power setting 5 psi above cruise (26 + 5)

(2) Initial bank angle of 15°. Adjust for standard
rate turn by reference to turn needle and
maintain

- 
(3) Maintain airspeed (90 K)

(4) Maintain trim

(5) Climb at 500 fpm

(6) Check altitude gain and heading at 30 seconds

(7) Roll out on desired heading (2700)

(8) Begin decreasing power 50 f t  prior to target
altitude (2500 f t )

b. Comeon Errors

(1) Application of excessive aft cyclic resulting in airspeed
loss

(2) Power set too low

(3) Ra te of turn too fast

(4) Failure to initiate corrective action based on 30 second
check

(5) Aircraft out of trim

(6) Failure to decrease power before reaching desired altitude

3. Straight and Level

a. Perfor mance Requirements

(1) Maintain heading (240°)

(2) Maintain altitude (2500 f t)

(3) Maintain airspeed (90 K)

b . Co or Errors

(1) Failure to establish normal cruise airspeed (incorrect
power setting) -

(2) Heading errors

(3) Altitude errors
76
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Descending Right Turn

a. Performance Requirements

(1) Initial power setting 5 psi below cruise (25 —5)

(2) Initial bank angle of 150. Adjust for standard rate turn
by reference to turn needle and maintain

(3) Maintain airspeed (90 K)

(4) Maintain trim

(5) Descend at 500 1pm

(6) Check alt i tude loss and heading at 30 seconds

(7) Roll out on heading (3300)

(8) Begin increasing power 50 f t befor e reach ing desired
altitude (1500 ft)

b. Common Errors

(1) Power set too high

(2) Rate of turn too slow

(3) Failure to init iate corrective action based on the
30 second check

- 
— (4) Aircraf t  out of trim

(5) Failure to increase power before reaching desired altitude

5. Straight and Level

a. Performance Requirements

(1) Maintain heading (330°)
- - 

- 
(2) Maintain altitude (1500 It)

(3) Maintain airspeed (90 K)

b Common Errors

(1) Failure to establish normal cruise airbpeed (incorrect
power setting)

(2) Heading errors

(3) Altitude errors
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6. Climbing Left Turn

a. Performance Requirements

(1) Initial power setting S psi abov e cruise (26 + 5)

(2) Initial bank angle of 150. Adjust for standard rate turn
by reference to turn needle and maintain

(3) Maintain airspeed (90 K)

(4) Maintain trim

(5) Climb at 550 f pm

(6) Check altitude gain and heading at 30 seconds )
(7) Roll out on desired heading (270°)

(8) Begin decreasing power 50 f t  prior to target altitude
(2000 It)

b. Common Errors

(1) Application of excessive af t  cyclic resulting in airspeed
loss

(2) Power set too low

(3) Rate of turn too fast

(4) Failure to initiate corrective action based on 30 second
check

(5) Aircraf t out of trim

(6) Failure to decrease power before reaching desired altitude

7. Straight and Level

a. Performance Requirements
0

(1) Maintain heading (270 )

(2) Maintain altitude (2000 ft)

(3) Maintain airspeed (90 K)

b. Common Errors

(1) Failure to establish normal cruise airspeed (incorrect
power setting)

(2) Heading errors

(3) Altitude errors

:4  
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8. Descending Right Turn

a. Performance Requirements

(1) Initial power setting 5 psi below cruise (26 —5)

(2) Initial bank angle of 150. Adjust  for standard rate turn
by reference to turn needle and maintain

(3) Maintain airspeed (90 K)

(4) Maintain trim

(5) Descent at 500 fpm

(6) Check altitude loss and heading at 30 seconds

(7) Roll out on heading (9Q0)

(8) Begin increasing power 50 ft before reaching desired
altitude (1500 It)

b Co m on Errors

(1) Power set too high

(2) Rate of turn too slow

(3) Failure to initiate corrective action based on the 30
second check

(4) Aircraf t  out of trim

(5) Failure to increase power before reaching desired altitude

- V 9. Straight and Level

a. Performance Requirements

(1) Maintain heading (90°)

(2) Maintain altitude (1500 ft)

(3) Maintain airspeed (90 K)

b. Common Errors

(1) Failure to establish normal cruise airspeed (incorrect
power setting)

(2) Heading errors

— (3) Altitude errors
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10. Level Left Turn

a. Performance Requirements

(1) Initial bank angle of 15
0
. Adjust for standard rate turn

by reference to turn needle

(2) Maintain airspeed (90 K)

(3) Maintain trim

(4) Maintain altitude (1500 I t )

(5) Check heading at 20 seconds 
-

(6) Roll out on desired heading (330°)

b. Common Errors

(1) Non—standard rate turn

(2) Failure to roll out on desired heading

D. Initial Conditions

1. A/C location vicinity of CAIRNS Ar my Air Field
0

2. Heading 330

3. Airspeed 90 K

4. Alt i tude 2000 f t
0

5. Winds 110 /10 K
V

E. Start—Stop Logic and Measures

Table 1 shows the specific start—stop logic and measures applicable
during each segment of the maneuver. Refer to Tables 11—1 and 11—2 and
associated text for detailed explanations of the measures start—stop logic
codes. The word “ALL” in the first column means that the measure is
applicable across each measurement segment of the maneuver segment.

F. Fatal Errors

Fatal errors which will cause termination of performance measurement
are shown in Table 2.
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Tabi. 1

START—STOP LOGIC A2~ XKASUHZS APPLICABLE TO EAi~~ SEQ~ XT OP TI!
~LDGIW AND D!SC~~~~IIIC TURNS MANEUVER

Ii*~~vn/S1~~~ __________ 

START STOP MEASURE HO. VALUE

S.~~snt 1 • Strai ght and L.v.1 All Airaps.d (AS) 1 90 Knots
All Tr ia (Ti) 2 0 3.11 Width

All lank Angi. (U) 3 00

1 Start Altitud. (ALT) 5 2000 Pt

1 TDI—20 Hand ing Tracking (EDT) 10 330°
2 CPS 0(3

Ssg.snt 2. Cliabing L.ft Turn All Airspssd (AS ) 1 90 Knot.
All Tin (TE) 2 0 Ball Width

All Bank Angl. (3.) 3 00

3 CPS TIM-lO
4 CPS Rat, of Clink CRC) 8 500 PPM
4 St Av•rage Turn Rat. (APR) 4 3°/S.c
3 CPS Handing on Hollout (HO! 9 2400

5 Handing Tracking (EDT) 10 2400

4 5 ALTA—2400 Rat, of Clink CRC) 8 500 PPM
6 CPS P2)4—15 Hsading Tracking (EDT) 10 240°

S.g.snt 3. Str aight and L.~.1 All Air.p..d (AS) 1 90 Knots
All Ti. (Ti) 2 0 1.11 Width
All Bank Mgi. (IA) 3 0°

7 CVI Altitud. (ALT) 5 2500 Pt
7 TDI-20 Eanding Tracking (EDT) 10 240°
8 CPS DES

$.~~act 4~ Ds.c.nding Right Turn All Air.p..d (AS) 1 90 Knots
All Ti. (Ti) 2 0 1.11 Width

- All lank Mgi. (U) 3 0°
9 CPS Tfl4—l0

10 CVI Rats of D.ac.nt (PD) 7 500 PPH
10 SL Av.rag. Turn Rats (An) 4 3°/B.c
11 CVI I ading on BaIlout (HO! 9 3300

11 Handing Tracking (EDT) 10 330°

11 ALTI-1600 Rat, of Ds.cant (PD) 7 300 PPM
12 4)1 ThB-l3 lending Tracking (EDT) 10 330°

~~~~~ 5. it raight and L,~.1 All Airsp..d (*3) 1 90 Knot.
All Tti. (Il) 2 0 1.11 Width
All ~~~~ MgI. CM) 3 0° —

13 OPS Altitad. (ALT) 3 1300 Pt
13 TIM-ZO leading Tracking (EDT) 10 330°
14 CVI 

_________ _______________________ _______ -
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Tabl, 1

MAI~~ VER/SE0~~~T START STOP MEASURE I~~SU1! DESIRED

S.g.snt 6~ Clinking Left Turn All Airap.ad (AS) 1 90 Knota
All Tin (TI) 2 0 Ball Width
All lank Angle (IA) 3 0°
13 CPS TIM—la
16 CPS Rate of Clink (IC) 8 500 fl~4
16 St Av.rag. Turn Rate (AU) 4 3°/S.c
17 CPS Hsading on Rollout (HO! 9 270°
17 Heeding Tracking (EDT) 10 270°
17 ALTA-1900 Rat, of Clink (ftC) 8 500 PPM
18 CPS TD4—l5 Heading Tracking (EDT) 10 2700

S.g..nt 7 . Straight end L.v.1 All Air.p.sd (AS) 1 90 Koots
All Ti. (TR) 2 0 Jail Width
All lank AngI. (1*) 3 0°

19 CPS Altitude (ALT) 5 2000 Ft

- 
— 19 TD4-2O Haad ing Tacking (EDT) 10 270°

20 CPS DES

S.g.snt 8. Ds.csnding Right Turn All Air.p..d (AS) 1 90 Knot.

All Ti. (PR) 2 0 Ball Width
All lank Angl. (IA) 3 0°
21 CPS TIM— b
22 CPS Rats of Deec,nt (PD) 7 500 PPM
22 ALTI—1600 Avsrag. Turn Rat. (ATE) 4 3°/S.c
23 CPS St

• 24 CPS Rsading on Bailout (101 9 90°
- 

V 24 TIM—IS Heading Tacking (RDT~ 10 900

$.~~snt 9, Straight and L.v.1 All Airsp.sd (AS) 
- 

1 90 Knot.
All Tn .  (TI) 2 0 Rail Width
All Iank Angls (U) 3 0°

25 CVI Altitu ds (ALT) 5 1500 Pt

23 TDI—20 Read ing Tacking (EDT) 10 90°

I.~~ont 10. Lsisl Left Turn All Air.p.sd (Al ) 1 90 Knots
All Tn.  (Ti) 2 0 RaIl Wid th
All lank MgI. (1*) 3 0°
All 

• 
Altitude (ALT) 5 1500 Pt

27 CVI Ii. Av.rage Turn Rats (API) 4 3°/P.c
2$ CPI leading on Bailout (~~~ 9 330°
25 P2)1—30 Isediag Tracking (EDT) 10 330°

$2

~ 

- - _ -~~~-~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ -
~~ --~ 

- -  - - --- ____________



- —~---~~- -~~~~~~~~ -~~ -~~~~ 

I
— 

-

~.. 0 4)
Q ~~0 z  ~~ 0

—~~~~ ra. Z

4)
X 0. ~
~i. ~. 0

~.4 Z
z
0 z
—~~~~ Q 1.1
E-4~~~~ Z .~~ .~~ 1J
Q I-. 0 ~ u-~ DC ~4.1 DC

.4 4) .4 4) .4

— o
0 

___________________________

0 0 0
-Ic ’-.
0.~~ -4 8)

- I
0

I-I~~~~ Z
-Ic

00
Z 

~~~~~~~~
4) 0 0 0 0 0 0 00 0 0

• -~~~ U) ‘0 C 4  .0 ~~ ‘.0 C~4 ‘0 (‘-1 ‘.0 C’1
I X ’ -’ ~~4 4 -4 -4 -l

o
Z ..

~~~~~ 0 0 0 0 0 0 00 0 0
i-i gt~ ~. ~~ Ifl LI~ ~f l  Ifl tn in in In Ill

U) ~~ 0 1-4 ~~ N N ~~ r~i (‘4 (‘1 N (‘1 (‘-1 (‘4
c~ Z .-l ~~ (‘-I .-.4 ~~4 .4 .4 .4 _4 -4e-4 0 ~~

U
4) Cd Cl)

— 1.-) ~~ ..3 Cd~~~~0 -Ic t.~~~~. 0 0 0 0 0 0 00 0 0
..4 0 In In In in in in in in in

I-~ -Ic ~~ (‘4 N N N N (‘4 (‘I (‘-I N N
E-. Z (‘1 (‘1 (‘1 (‘4 .-4 (‘-1 (‘-1 (‘4 .-4 .-4
Ic -Ic 

_ _ _ _ _ _ _ _ _ _ _ _ _

0z o— — ~ 4 in ‘.0 N 00 0’ 0
Cl) 

_
.4

-~U
4.1

0z
ti)

~‘l U  0 E0
— I..

- - 
4)

- f  
_ _ _ _  

_
~
y•

z_ ~ o
< 0  0

m

________ 

A l

(0: 1 4J
0 0

0. lid lid
U)  0

0 0
— (‘4 ‘-0
-Ic -4

“-I v i

I
83

- - —



~~~~- -—--
~~~~

NDB APPROACH

A. General Description

The NDB approach problem requires the aviator to execute the NDB
Runway 5 approach to Columbus Metropolitan Airport.

The problem requires the student to f ly  to the station , turn out-
bound and descend to procedure turn altitude, intercept and track the
outbound course, procedure turn, track inbound to the station, descend to
minimum descent altitude (MDA), time for the missed approach, and initiate
the missed approach procedure.

B. Discussion

The performance requirements for the NDB approach are standard
-j with two exceptions. First , af ter  the pilot has crossed the beacon , he

must turn and parallel the outbound course for one minute before turning
to intercept the outbound course. If a pilot immediately turns and
intercepts the outbound course after passing over the beacon, the start—
stop logic may lose track of the aircraft  and consequently abort the measure—

- - ment run or the pilot may receive an erroneously poor score. Second, once
the outbound course has been intercepted , the pilot is required to track
outbound for two minutes. Both of these requirements are consistent with
the procedures taught in IERW. Since it is expected that most pilots
making automated performance assessment runs will be students, these
requirements are compatible with the instruction they have received.

In all other respects, the performance requirements for the NDB approach
are standard.

C. Maneuver Segmentation (See Figure 2)

1. Initial Tracking to the Station

a. Performance Requirements

(1) Track a course to the station (360
0
)

(2) Maintain altitude (3000 f t )

(3) Maintain normal cruise airspeed of 90 K

b. Common Errors

(1) S—turns resulting from the student “chasing” the
ADF needle (homing) instead of holding a constant
heading to track a course

(2) Altitude errors resulting from poor instrument cross
check (f ixation on the RHI )

84
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2, Beacon Outbound

a. Performance Requirements

(1) Execute the four Ta: time, turn , tune , talk

(a) Start t iming
0

(b) Turn outbound to parallel course (233 )

(c) Tune approach control (Columbus Approach tuned
prior to the maneuver)

(d) Radio call before leaving altitude (3000 ft)

(2) Begin descent to 2400 ft (after parallel) at 500 fpm

(3) Intercept outbound course (233
0 

f rom the NOB)

(4) Maintain 90 K airspeed

b, Common Errors

(1) No radio call out of altitude

(2) Four Ts out of sequence

(3) Interception at the outbound course too soon (overshoot)

(4) Rate of descent too great

3. Tracking Outbound

a. Performance Requirements

0
(1) Track out on 233 (from the NDB)

0
(2) Make heading corrections 10 at a t ime

(3) Maintain 2400 feet altitude

(4) Track for 2 mm

(5) Maintain 90 K airspeed
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H
b. Common Errors

(1) Not cons ider ing the effect of winds

(2) Altitude errors

(3) Incorrect tracking procedure

(a) Make heading correctioi~s 100 at a time

(b) Wait for a 5° deviation before correcting

4. Procedure Turn Outbound

a. Performance Requirements
0

(1) Turn to a head ing of 278

(2) Time for 40 sec (adjust for wind effects), With a wind
of 020 /10, the time should be 43 sec

(3) Maintain 2400 ft altitude

(4) Maintain 90 K airspeed

b. Common Errors

(1) Not adjusting time for winds
. 1  0

(2) Trying to establish a track and not holding heading (278 )

5, Pr ocedure Turn Inbound

a. Performance Requirements

(1) Standard rate turn

(2) Roll out on course (053° NDB)

(3) Maintain 2400 ft altitude

(4) Maintain 90 K airspeed

b. Common Errors

(1) Non—standard rate of turn

(2) Altitude loss

(3) Failure to roll out on course
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6. Tracking Inbound

a. Performance Requirements

(1) Track a course to the station

(2) Maintain 2400 ft altitude

(3) Tune radios for missed approach procedure (Columbus
VOR 117.1)

b Common Errors

(1) S—turns (resulting from “homing” rather than properly
tracking to the station)

(2) Altitude loss — going below minimum altitude

(3) Radios not tuned for missed approach procedure

7. Beacon Inbound

a. Performance Requirements

(1) Execute the four Ts: time, turn, tune, talk

(a) Start timing for the MPA

(b) No turn required

(c) No radio call required because of radar surveillance

(2) Descend at 500 fpm to !~ A at 960 ft

(3) Track a course when ADF becomes usable

(4) Maintain 960 feet altitude once attained

(5) Normal cruise airspeed at 90 K ± 10K

(6) Establish climb (power) after 4 mm

b. Common Errors

(1) S—turns (resulting from “chasing” the ADF needle)

(2) Rate of descent too great

(3) Going below the MDA

(4) Improper timing for the MAP

(5) Slow to establish climb (with power) upon reaching the

88
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8. Missed Approach

a. Performance Requirements

(1) Apply sufficient power to establish climb

(2) Note the time

(3) Turn left  to intercept the 045° bearing from FENIX NDB

(4) Radio call to Columbus Approach control (missed approach)

(5) Climb to 2500 direct to G EMMY Intersection and hold

b . Common Errors

(1) Insufficient power application

(2) Loss of airspeed

(3) Failure to comply with published missed approach
procedures

D, Initial Conditions

1. A/C bearing 180° from FENIX NOB

2. 2 nautical miles f rom the NDB

0
3. Heading 360

4. Airspeed 90 knots

5. Altitude 3000 feet

6. ADF receiver tuned to FENIX NDB frequency, 355

• 7. Marker beacon receiver ON

8. UHF receiver tuned to Columbus Approach frequency, 388.0

9 Winds 020°/b knots

E. Start—Stop Logic and Measures

Table 3 shows the specific start—stop logic and measures
applicable during each segment of the maneuver. Refer to Tables 11—1
and 11—2 and associated text for detailed explanation of the start—stop
logic codes and the measures. The word “ALL” in the first coluiim of the
table means that the measure is applicable across each measurement segmen t
of the maneuver segment.
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Tabi. 3

STA&T-STOP 1.OGIC AilS M1A~~JUS APPLICASLE TO EACH SICH~ IT OF TM!
1DB A?flOACH MA1l!l3V ~~

MASm,vuJs!Qimrr START 5~90~ 
MRASTJU DES lIfli

mi Approach All Air.p..d (AS) 1 90 Rant.
4~~snt 1, Initial Tracking to All Tria (TI) 2 0 Bal I Width

Beacos All lank Angle (IA) 3 0°
All Altitud. (ALT) 5 3000 Ft

1 Start ACT—i 1DB Tracking (HIT) 12 360°

2 CPS CCL—053° MDI Cour.. Deviation
(lcD) 13 0 Maut. Mi.

3 CPS LTR

Ingasot 2 , Turn and Int.rcept
Outbound Cour.. All Airspeed (AS) 1 90 loot.

All Tr ia (Ti) 2 0 Ball Width
All lank Angi. 3 0°

Afl Mini Altitude (MAT) 6 2400 Ft
4 CPS SL Average Turn Rat. (ATE) 4 3°/S.c
S CPS DES Rad io C.ll Transaitted Ilika Switch

(ICT) 22 Closed
6 CPS TIM~10
7 CI’S Tfl(—50 Rat. of Descent (MD) 7 500 PPM
S CPS AcD-1
9 CPS HDA—238°

.~~~at 3, Tracking Outbound All Air.p..d (AS) 1 90 loot.
All Tn.  (TI) 2 0 Ball Width
All Bank Angle (BA) 3 00

All Mini.sa Altitude (NAT) 6 2400 Ft
10 CPS MDI Tracking (WIT) 12 233°

10 RTI Tine (alE) ii 120 S.c
11 CPS SI.

.~~.nt 4, Proc.dur. Turn Outbound All Airspeed (AS) 1 90 Foot.

• All Tn .  (TI) 2 0 Ball Width
All Bank Angle (BA) 3 00

12 CPS Nin1 Alt ituds (MAT) 6 2400 Pt
12 b iding on Rollout ~ 275°

• 12 leading Tracking (WIT) 10 II
12 LTI Tin. (flu) 11 40 Sec

~~ enr 3, Procedur. Turn Inbound All Airspeed (AS) 1 90 loots
All Tnia (Ii) 2 0 Ball Width
All Bank Mgi. (IA) 3 0°

All Iliai~~~ Altit ude (MaT) 6 2400 Ft
13 CP$ $1. Av.rag. Turn late 4 3°/Sec
14 ~~S ~~~-S3° ~~~ Cours e Pasitios

(HIP) 
-__14 033°
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—continued—

Table 3

xAnuvn/SHa(~ rr START STOP MEASURE ~~~~~~ DESI1~~)

s~~~nt 6, Tracking Inbound All Airspeed (AS ) 1 90 knots

• All Tnt. (TI) 2 0 Ball Width
All Bank Angle (IA) 3 00

All Min1 Altitude (MAT) 6 2400 Ft
15 CI’S ACT—i MDI Tracking (HIT) 12 0530

13 CPS CCL—l34° MDI Course Deviation
(MCD) 13 0 Paut. M i.

.
~~

.nt 7 , Beacon Inbound All Airspeed (AS) 1 90 knots
All Tnt. (Ti) 2 0 Bail Width
All lank Angle (U) 3 0~
All Mini~~~ Altitude (MAT) 6 960 Ft

: All TI.. 11 204 Sec
17 C?! DES Radio Call Trsnsuittsd Mike Switch

(RCT) 22 Closed
15 CPS 7111—10
19 C?! bat. of Descent (MD) 7 300 PPM
19 ACT-i MDI Course Deviation

(Hal ) 13 0 Haut. Ni.
20 C?! Fat, of Descant (ID) 7 300 FF1
20 MDI Tracking (WIT) 12 033°
20 VUR Tuning (VTIl) 20 117.1
20 ALTB—l000 ~ mI leaning Setting

(ORE) 21 006°
21 CI’S TPC 11DB Tracking (WIT) 12 033°

Ie~~~~t I, Missed Approach All Airspeed (AS) 1 90 foote
All Tnt. (TI) 2 0 Ball Width
All Bank Angla (BA) 3 0°

All Radio Call Trsns.itted Mike Switch
(RCT) 22 Clo.ed

22 UP! OS
23 CPS TTh—1O
24 CPS TIN—iSO lat, of Clink (IC) S 300 FF11
23 UPS TDI-40 lead ing on lallout (100 9 43°
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F, Fatal Errors

Fatal errors which will cause termination of performance measurements
are shown in Table 4.

VOR APPROACH

A. General Description

The VOR approach requires the aviator to execute the VOR—A approach
to Dothan Airport.

The aviator must fly to the VOR, report his arrival, turn, and fly
outbound descending to the procedure turn altitude, make procedure turns to
the inbound course , descend to intermediate approach segment altitude, track
to the station and descend on course to minimum descent altitude, time for
the missed approach point and after it is reached , initiate the missed
approach procedure.

B. Discussion

The performance requirements for the VOR approach are standard with
two exceptions. First, after the pilot has crossed the VOR, he must turn
and parallel the outbound course for one minute before turning to intercept
the outbound course. If a pilot immediately turns and intercepts the
outbound course after passing over the VOR, the start—stop logic may lose
track of the aircraft and consequently abort the measurement run or the pilot
may receive an erroneously poor score. Second, ‘once the outbound course
has been intercepted, the pilot is required to track outbound for two
minutes. Both of these requirements are consistent with the procedures
taught in IERW. Since it is expected that most pilots making automated
performance assessment runs will be students , these requirements are
compatible with the instruction they have received.

In all other respects, the performance requirements for the VOR approach
are standard,

C. Maneuver Segmentation (See Figure 3)

1. Initial Tracking to the VOR

a. Performance Requirements
0

(1) Track course to VOR (OBS set to 085 )

(2) Maintain altitude at 3000 ft

(3) 90 knots airspeed (all segments)

b. Common Errors

(1) S—turns from chasing Course Deviation Indicator (CDI )
ueedle

(2) Altitude errors from poor instrument cross check
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2. Turn and Intercept VOR Outbound Course

a. Performance Requirements

(1) Execute the 4 Ts: time, turn, tune, talk

(a) Start timing

0
(b) Turn outbound parallel to course (154 )

(c) Tune OBS to 334 (VOR frequency tuned prior to
maneuver)

(d) Report intent to descend before leaving feeder
altitude (3000 ft)

(2) Begin descent to 2000 ft (after parallel) at 500 fpm
0

(3) Intercept outbound course (154 ) after one minute on
parallel course

b. Common Errors -

(1) Failure to report intent to change altitude

(2) Four Ts out of sequence

(3) Rate of descent too great

Tracking Outbound

a. Performance Requirements
0

(1) Track out on outbound radial (154 )

(2) Track for at least 2 minutes

(3) Maintain 2000 ft altitude

(4) Make wind drif t corrections 10
0 
at a time

b. Common Errors

(1) Altitude errors

t (2) Incorrect wind correction procedures

-I ~ 
(a) Not incrementing wind corrections in 10° steps

- 
-

. (b) Making corrections before 2 error shown on CDI
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4. Procedure Turn Outbound

a. Performance Requirements
0

(1) Turn to heading of 199

(2) Time for 40 seconds adjusted for winds

(3) Maintain 2000 ft altitude

(4) Reset OBS to 334°

b. Common Errors

(1) Not adjusting time for winds

0
(2) Not maintaining 199 heading (erroneously correcting

heading for  wind)

5. Procedure Turn Inbound

a. Performance Requirements

(1) Standard rate turn
0

(2) Roll out on course (334 )

(3) Maintain 2000 ft altitude until inbr’1nd course is
established

(4) Tune UHF to tower frequency (257.7)

(5) Report inbound turn

b. Common Errors

• (1) Non—standard turn rate

(2) Beginning descent before track is established

(3) Failure to roll out on course

(4) Altitude loss during turn

6. Tracking Inbound

a. Performance Requirements

• (1) Track course to VOR

(2) Descend to 1200 ft at 500 f pm

(3) Maintain 1200 ft altitude when reached

- _ _ 
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P
b. Common Errors

(1) Improper tracking procedure

(a) Making heading change before CDI indicates 2° error

(b) Not making wind corrections in 10
0 

increments

(2) Going below intermediate approach segment altitude

7. VOR Inbound (Final Approach)

a. Performance Requirements

• (1) Execute the 4 Ts

(a) Start timing for the Missed Approach Point (MAP) (1:16)

(b) No turn required

(c) Tower frequency already tuned

(d) Report VOR inbound

(2) Descend to Minimum Descent Altitude (MDA) 860 ft at 500 fpm

(3) Maintain MDA when reached to Missed Approach Point

b. Common Errors

(1) Rate of descent too great

(2) Improper tracking procedure

(3) Going below minimum altitude

8. Missed Approach

a. Performance Requirements

(1) Initiate climb

(2) Report missed approach

(3) Establish 500 fpm climb rate

(4) Set OBS to 019°

(5) Track straight ahead (334 ) to 1000 ft

(6) At 1000 ft continue climb to 2000 ft while turning
right to 019 radial

97

f 

___________
~~~~~~~~~~~~~~~~~~~~~~ 

-
_____________________________

I.

_ ._-



(7) Perform 4 Ts

(a) Note time at MAP

(b) Tune CAIRNS approach

(c) No immediate turn necessary

(d) Report missed approach — request other landing
clearance

b. Common Errors

(1) Failure to apply sufficient power

(2) Loss of airspeed due to pitch

(3) Failure to comply with published procedures

(4) Perform 4 Ts out of sequence

D. Initial Conditions

1. A/C on 265° radial of Dothan VOR

2. A/C 2 nautical miles from VOR

3. Heading 85°

4. Altitude 3000 fee t

5. Airspeed 90 knots

6. VOR receiver tuned to Dothan VOR (111.6)

7. UHF receiver tuned to CAIRN S approach control (234.4)
0

8. OBS set to 85

9. Winds calm

E. Start—Stop Logic and Measures

Table 5 shows the specific start—stop logic and measures applicable
during each segment of the maneuver. Refer to Tables 11—1 and 11—2
and associated text for detailed explanation of the measures start—stop
logic codes. The word “ALL” in the first columa of the table means
that the measure is applicable across each measurement segment of the
maneuver segment.

‘ F, Fatal Errors

Fatal errors which will cause termination of performance measurement
are shown in Table 6.
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Table S

STAll-STOP LOGIC AIS ISASUIES APPLICABLE TO 1*01 SEOI T OF THE
Vol APPIFWH MAJIBUVES

WA1HIJVU/S1O~~ T MEASUEDIHIT STOP IOASUEE 
IEASU*E DES Ilfl)

e~~ent 1, Initial Tracking to Vol All Airspeed (AS) 1 90 knot.
All Tnt. (Ti) 2 0 Ball Width

All Bank Angle (U) 3 0°

All Altitud. (ALT) S 3000 Ft
1 Stent 051 Bearing Setting 21 083°

(01$)
1 ACT—i Vol Tracking (VTI) 15 265°
2 C?! CCL—154° Vol Coura. Deviation

(VCD) 16 0 Haul . Mi.
3 UPS ITI

.~~~st 2 . Turn end Intencept
Outbound Coin.. All Airspeed (AS) 1 90 knot.

All Tnia (Ti) 2 0 Ball Width

All lank Angle (IA) 3 0°

All Minla Alt itude (MAT) 6 2000 Ft
4 C?! SL Avenag. Turn late (ATL) 4 3°/Sec

3 UPS DES Badio Call Trans.itted Mike Swit ch
(BUT) 22 Closed

6 C?S TIN—lO 051 Bear ing Setting
(01$) 21 334

7 C?! TIN—SO Bate of Descant 7 500 PPM

S C?! LCD— i
• ~ C?! IDA—154°

.~~~~t 3. Tr acking Outbound All Airepsed (AS) 1 90 Knots

All Tnt. (Ti) 2 0 1,11 Width

*12 Bank A~gls (IA) 3 00

All Altitude (ALT) 5 2000 Vt
- 10 C?! Vol Tracking (VIT) 15 154°

10 aTE TI.. (ml) 11 120 S.c

11 C?! IL

~~~~~t 4. Proc.dur. Turn Cutbou.d All Airspeed (AS) 1 90 knote

All Tnt. (Ii) 2 0 Iall Width

All Bank Angle (U) 3
12 C?! Altitude (ALT) 3 2000 Ft

12 leading on Bailout (101 9

12 leading Tracking (WIT) 10 11

— 
12 

— 
LTi Ti.. (u S) 11 40 sec

—couttened—
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Table 5

M*1ImJVu/I1~ ImIT STAST ~~~~ 
MEASURE DESIRU)

S.g.sat 3, Procedure Turn Inbound All Airspeed (AS) 1 90 Knots

All Tn .  (TI) 2 0 Rail Width
All lenk Aa$l. (IA) 3 00

13 Cr5 Min1 Aitituda (MAT) 6 2000 Ft
13 !L Average Turn Pat. (ATE) 4 3°/Sec
14 CV! Vol Course Position

(VU? ) 17 334°

14 106—334° Altitude (ALT) 5 2000 Ft
15 C?! DES

Seg.ent 6, Trackin g Inbound All Airspeed (AS) 1 90 knots
All Tn .  (TI) 2 0 Ball Width
All Bank Angle (IA) 3 00

All Mint. Altitude (MAT) 6 1200 Ft
16 CPS TIM—tO
17 CPS lat, of Descent (SD) 7 500 PPM
17 ALT-l400 VOl Tracking (VET) 15 334°

15 C?! ACF— 1 VOl Tracking (VET) 15 334°
18 UPS CCL -M° Vol Course Deviation

(P01) 16 0 Raut . lii .

Ieg.snt 7. Vol Inbound All Airapeed (AS) 1 90 Knots
All Tnt. (TI) 2 0 Ball Width
All lank Aspi. (U) 3 0°
All Mi~ joi~~ Altitude (MAT) 6 860 Pt

19 C?! 51$ Radio C.ll Tran itted Mike Swi t ch
(BC?) 22 Closed

20 C?! PUS-b VOl Course Deviation
(PCI) 16 0 lent . Mi.

21 C?! PCI Cour~~ D.vtat io~(P01) 16 0 Haut . Mi.
21 ALTE—900 lat, of Dsac,nt (ID) 7 500 PPM
22 018 TiC POP Tracking (VET) 15 334°

Ie~~ant S, Missed Approech All Airspeed (AS) 1 90 knots
All Tnt. (TI) 2 0 Ball Width
*1.1 Bank Angie (IA) 3
All laSt. Call Tranusitted Mike Switch

(IC?) 22 Clo.ed
23 01$ OS

~~‘
23 01$ 51.11—1500 late of CLink 8 500 PPM
26 01$ YES-lb 551 Isariag Setting

____________________________________ ___________ _______ —________ 
(CII) Ii 019°

100

•a . •
~~~~~~~~~~~~~~~~~~~~ 

-
~ 

-
~~

~~~~~
— 

~~-~- _ - - -- - --.
~~~~~ :-_~~~ __~~~~~~~~~ 

- - --- -
- 

-.--- •-—-~=-~ - —~ ——— ~~~~~~~~~~~~ —--



I

-3
t- 0~
~.) h I  ~3~~~~ 4

O Z  ~~— h I  I i . 1e - &  —

hI
S 0. , cl.

“

hI
Q c I ~ Z
0 . s_  - x  ~• ~l i Z  Z

• u d s-s
0’ 00

h&I
Z ) ~~~Ci 0 0 0 0 0 0 0 0
— < ~li 00 00 00 0 00 at 00 00
~- x — — — — — -3 — —

~~~~~~~~~~~~~ 
0 00  -

~~~ 0 0 0
1.1 I~. -I La La La La La La .-5 -4

00 — r- P- F-~ r~ r~ .O ‘0
U - 00 ~~ — 4 ~~ I —

‘0 0 ~ -

~~ 0
CI

‘-4 hal
I ..~~ IzI~~ a 0 0 0 0 0 0 0 0

..l C La La La La La La La La
E- < 00 at at at at at at at at

I at at
< 0 — ___________

- .-s at ~~ ~zi La ~0 r~ 00
00

- ‘aha.
0z

I hal 0 .-s
hal U C EI 0

I..

A l o.

Z~~7 0
H 0

‘ahI 0 0
hal
0.
00 0

0 0
I-i at ‘0

-4

A l  v i

- 
- 101

—~~~ 

—



ILS APPROACH

A. General Description

The ILS approach problem requires the aviator to execute the ILS
Runway 9 approach to Dannelly Field, Montgomery, Alabama.

The problem requires the student to fly to the station, turn
outbound, intercept and track the localizer course outbound, procedure
turn, track the localizer course inbound, intercept and descend on the
glideslope/localizer, and initiate the missed approach procedure upon
reading the decision height (DH).

B. Discussion

The performance requirements for the ILS approach are standard with
two exceptions. First, after the pilot has crossed the outer marker,
he must turn and parallel the outbound course for one minute before turning
to intercept the outbound course. If a pilot immediately turns and inter—
cepts the outbound course after passing over the ILS, the start—stop logic
may lose track of the aircraft and consequently abort the measurement run
or the pilot may receive an erroneously poor score. Second, once the out—
bound course has been intercepted, the pilot is required to track outbound
for two minutes. Both of these requirements are consistent with the pro—
cedures taught in IERW. Since it is expected that most pilots making
automated performance assessment runs will be students, these requirements
are compatible with the instruction they have received.

In all other respects, the performance requirements for the ILS approach
are standard.

C. Maneuver Segmentation (See Figure 4)

1. Initial Tracking to the Station

• a. Performance Requirements

(1) Track a course to the beacon (MARRA LOM 245)

(2) Maintain altitude (2000 f t)

(3) Maintain airspeed (90 K)

b. Common Errors

(1) S—turns (resulting from “chasing” the ADF needle)

• (2) Altitude errors resulting from poor instrument cross
check (fixation on the ADF)
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2. Beacon Outbound

a. Performance Requirements

(1) Execute the four Ts: time, turn, tune, talk

(a) Star t timing

(b) Turn outbound to parallel desired localizer
course (2730)

(c) Tune approach control (Montgomery approach control
322.5—tuned prior to the entry)

(d) Radio call not necessary (already at 2000 ft,
radar surveillance)

(2) Turn to intercept outbound course (273°) after 1 mm
at parallel

I
(3) 90 knots airspeed

b . Common errors -

(1) No radio call out of altitude (not applicable in this
example)

(2) Four Ts out of sequence

(3) Interception of the outbound course too soon (resulting
in overshoot)

(4) Rate of descent too great (no descent in this example)

3. Localizer Tracking Outbound

• a. Performance Requirements

0(1) Track out on 273
0

(2) Make heading correction 5 at a time when trend is
indicated

(3) Maintain altitude (2000 ft)

(4) Track for 2—3 mm

(5) 90 knots airspeed
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b. Comn~ n Errors

(1) Altitude errors

(2) Incorrect tracking procedures
0

(a) Make heading changes 5 at a time

(b) Wait for CDI to show a trend before initiating
a correction

I . 4. Procedure Turn Outbound

a. Performance Requirements

(1) Turn to heading of 228°

(2) Time for 40 sec (adjust time fot winds). Time for
40 sec with calm winds

(3) Maintain 2000 ft altitude

(4) 90 knots airspeed

b. Common Errors

(1) Not adjusting time for winds (or incorrect timing)

(2) Trying to establish a track

5. Procedure Turn Inbound

a. Performance Requirements

(1) Standard rate of turn

(2) Roll out on inbound localizer course

(3) Maintain  2000 f t  altitude

(4) Normal cruise airspeed (90 K)

b. Common Errors

(1) Non—standard rate of turn

(2) Failure to roll out on course

(3) Altitude loss in the turn (below 2000 ft)

6. Localizer Tracking Inbound

- 

- a. Performance Requirements
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(1) Track a cgurse to the station. Making heading correc-
tions 5 at a time when an off—course trend is shown
(CDI on the edge of the doughnut)

(2) Maintain 2000 feet until glideslope interception

(3) 90 knots airspeed

b. Common Errors

(1) Improper tracking procedure

(2) Going below assigned altitude

7. Glideslope Interception Inbound

a. Performance Requirements

(1) Make immediate corrections to stay on glideslope/
localizer

(2) Start timing upon NDB passage (for backup)

(3) Stay on the glideslope until the altimeter reads
DH (418 ft), then pull power in for missed approach
climb

(4) 90 knots airspeed

b. Common Errors

(1) Using middle marker for ‘a MAP

(2) Going below the glideslope

8. Missed Approach

a. Performance Requirements

(1) Apply sufficient power to establish climb

(2) Note the time

(3) Climb straight ahead to 620, then climbing right turn
to 2000 via 180° heading and MGM VORTAC R—226 to

• Aloon m t  and hold

(4) MGM VORTAC tuned 112.1, OBS set to 226 j
(5) Radio call to Montgomery Approach Control (missed approach)
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b. Common Errors

• (1) Insufficient power application

(2) Loss of airspeed

(3) Failure to comply with published missed approach
procedure ((3) above)

D. Initial Conditions

1. A/C 2 miles southeast of Montgomery Locator Outer Marker

2. Heading 318°

3. Airspeed 90 knots - -

4. Altitude 2000 feet

5. ADF tuned to MARRA, frequency 245

6. Marker beacon receiver ON

7. UHF to Montgomery Approach Control, freq~iency 322.5

8. VOR/ILS receiver tuned to ILS, frequency 109.9

9. Winds calm

E. Start—Stop Logic and Measures

Table 7 shows the specific start—stop logic and measures
a applicable during each segment of the maneuver. Refer to Tables It—i

and 11—2 and associated text for detailed explanation of the measures
start—stop logic codes. The word “ALL” in the first column of the
table means that the measure is applicable across each measurement segment
of the maneuver segment.

P. Fatal Errors 
-

Fatal errors which will cause termination of performance measure-
ment are shown in Table 8.

- 
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Table 7

START-STOP lOGIC AND MRASURES APPLICASLE TO EACH SEQIErT 0? THE
IL! APPROACH MANEUVID

MA1IEUV1R/sE(~~~~r START 
- 

STOP MEASURE l URE DIStEND

Ssg snt 1. Initial Tracking to
Beacon All Airspeed (AS) 1 90 knots

All Tn .  (TI) 2 0 Bali Width
All lank Angi. (BA) 3 0°
All Altitude (ALT) 5 2000 Pt -

1 Start ACT—i MDI Tracking (UT) 12 316°
2 CPS CCL—4LS 15DB Coure. Devia t ion

093 (IICD) 13 O ksut . IIi .
3 CPS RTR

Seg.snt 2. Inbound Intercep t
Outbound Course All - Airspeed (AS) 1 90 Knots

All Tn .  (TI) 2 0 Bali Width
All lank Angle (IA) 3 00

All Nini a. Altitude (MAT) 6 6000 Pt
4 CT! SL Average Turn late (AT!) 4 3°ISec

5 IPS ACI— .l
6 C?! HDA—273°

Se~~.nt 3. Tracki ng Outbound All Airspeed (AS) 1 90 Knots
All Tnt. (TI) 2 0 Bail Width
All bank Angie (IA) 3 00

All Mint~~a. Altitud. (MAT) 6 2000 Vt
7 C?! Locaitg.r Tracking (LZT 18
7 LTR Ti.. (IMI) 11 120 S.c
8 C?! SL

Se~~~nt 4, Procedure Turn Outbound All Airspeed (AS) 1 90 Knots
All Trt. (TI) 2 0 Bali Width
All lank Angle (IA) 3 0°

9 CPS Mini Altitude (MAT) 6 2000 Pt
9 leading on Bailout (lOt 9 226°

9 Reading Tnacking (ID?) 10 II
9 Ill Ti.. (ESI) 11 40 Sec

$e~~snt 3, Procedure Turn Inbound All Airspeed (AS) 1 90 Knot.
All Tnt. (TI) 2 0 1.11 Width
All lank Angle (IA) 3 0°
All )I4n4~~~~ Altitude (MIT) 6 2000 Pt

- - 10 CV! IL Average Turn late (APR) 3 3°/lee

11 CV! 118—93°

-Cont inued—
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—continued—

Table 7

,siiivvuj slc~imrr ~~~~~~~~ START STOP MEASURE 
— 

SIRE DESIRED

Seg..nt 6. Tracking Inbound All Air.p.ed (AS) 1 90 knota
Ali Thin (TI) 2 0 Bali Width
All Bank Angle (IA) 3 00

12 CPS Nini. Alt ituda (MIT) 6 2000 Ft
12 CCLj(1( Localiner Tracking

003 (LET) 18 00

S.gaent 7 , Glidaplope Inbound All Airspeed (AS) 1 90 knots
All Thin (TI) 2 0 ball Width

All lank Angle (BA) 3 00

All 
• 

Mini~~~ Altitude (MAT) 6 418 Pt
¶ Ali Tins (IRE) 11 204 S.c

13 CV! TDS-i0 Localianr Tracking 0(LET) 18 0
14 C?! Localizer Tnacking

(LET) 18 0
14 ALTB—600 Giide.lop. Tracking

(CS?) 19 0
15 C?! TPC

Se~~~~t 8, Hls.ed A proach All Airspeed (AS) 1 90 Knots
- 
All Thin (TI) 2 0 Isil Wid th

All Bank Angle (U) 3 00

All Mini Altitude (lilT) 6 416 Pt
16 C?! 0(3
17 C?! TUl—lO

16 Cl! ALTA—l000 Pate of Clink (RC) 8 500 PPM
19 Cl! late of Ciinb (IC) 8 500 PPM
19 Heading on Bailout 9 180°

19 VOt Tuning (TV!) - 20 112.1
19 ALTA—1600 (3SI leering Setting

(CBS) 21 226
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LOCALIZER BACKCOURSE APPROACH

A. General Description

The localizer backcourse approach problem requires the aviator to
execute the backeourse localizer approach to Runway 13 of Dothan Airport .

The aviator must fly to intercept the backcourse, turn and track
the localizer course, receive a radar fix at Arcus Intersection, begin the
descent to the Minimum Descent Altitude (MDS) and time for the Missed
Approach Point (MAP), level off at the MDS, and initiate the missed approach
procedure wiser ~ie MAP is reached.

B. Discussion

The performance requirements for the localizer backcourse approach
are standard. There are not special performauce requirements that are
idiosyncratic to IERW training or the performance measurement system.

C. Maneuver Segmentation (See Figure 5)

1. Interception of the Localizer Course

a. Performance Requirements

(1) Maintain heading to localizer course (150
0
)

(2) Maintain altitude at 2000 ft 
I 

-

(3) 90 knots airspeed (all segments)

(4) Set OBS to missed approach course (019°)

(5) Turn to inbound heading (133°) at interception

• 
b. Coimnon Errors

(1) Failure to intercept

(2) OBS not set for missed approach

‘
I 

2. Tracking Inbound to Fix

a. Performance Requirements

(1) Track localizer course

(2) Maintain altitude

(3) Make 5° heading changes when off—course trend is
shown — CDI on edge of doughnut

‘
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b. Common Errors

(1) Turning t oward instead of awa y from CDI direction of
deflection

(2) Alt itude errors

3. Intersection Inbound

a. Performance Requirements

(1) Establish 500 fpm descent

(2) Start timing for the MAP (200 sec)

(3) Maintain course

(4) Main tain MDA (740 ft) when reached

b. Common Errors

(1) Turning toward instead of away from CDI direction of
deflec tion

4. Missed Approach

a. Performance Requirements

(1) Initiate climb

- - (2) Report missed approach

(3) Establish 500 fpm climb

(4) Turn left to intercept 019° instead of Dothan VORTAC

• (5) Perfor m 4 Ts

(a) Note time at MAP (beginning of segment)

(b) Tune CAIRN S approach

(c) Turn already initiated

(d) Report missed approach — request further instructions

b Common Errors

(1) Failure to apply sufficient power

(2) Loss of airspeed due to pitch

(3) Failure to c~~p1y with pub liahed proced ures

(4) Perform 4 Ta out of sequence
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D. Initial Conditions

1. A/C 10 NM northeast of Dothan Airport

2. Heading 1500

3. Altitude 2000 feet

4. Airspeed 90 knots

5. VOR tuned to Dothan ILS (108.3)

6. UHF receiver tuned to CAIRNS Approach Control (254.4)

7. OBS set to 019°

8. Winds calm -

E. Start—Stop Logic and Measures

Table 9 shows the specific start—stop logic and measures
“ I applicable during each segment of the maneuver. Refer to Tables 11—1 and

11—2 and associated text for detailed explanation of the measures start—stop
logic codes. The word “ALL” in the first column of the table means
that the measure is applicable across each measurement segment of the maneuver
segment.

F. Fatal Errors

Fatal errors which will cause termination of performance measurement
are shown in Table 10.

HOLDING AT INTERSECTION

A. General Description

• The holding at intersection advanced instrument problem requires
the aviator to maintain a standard right turn holding pattern at t~e
intersection of the 112° radial of the Tuskegee VORTAC and the 053 course
to the FENIX nondirectional radio beacon (NDB). This fix is named the
SEALI intersection. The inbound holding course is 053°.

In general , the problem requires the student to fly to the fix, report
his arrival at the fix, enter the holding pattern on the outbound leg, turn
onto the inbound leg, cross the fix and subsequently make three complete
holding circuits, after which the problem is terminated.

B. Discuss ion

The performance requirements for holding at intersection are
standard. There are no performance requirements that are idiosyncratic
to the procedures taught during IERW of the performance measurement system.
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TabI. 9

START-STOP LOGIC *im MEASURES APPLICAILE TO BACH Sl~ (flFr OP THE
1.OCALIZU BACHCOGRSZ APPROACH )IAI!UVU

p~afliJyflJ5~~~~~T I(H2~~~~~~ PT START STOP MEASURE ME SURE DESIRED

Ie~~~~t l , Intercept Localizsr All Airspeed (*3) 1 90 Knot.
All Thin (Il) 2 C Ball Width
All Bank Angle (BA) 3 00

All Alt iluda (ALT) 5 2000 Ft
1 Start ~~~I Bearing Setting

(01!) 21 0190

1 TD(-60 Heading Tracki ng (EDT) 10 150°
• 2 C?! HDA—133°

4geent 2 , Tracking Inbound
to Pin All Airspeed (AS) 1 90 Knots

All Thin (TI) 2 0 lall Width
All Bank Angle (U) 3 0°

- ‘ 3 Cl! Minim Altitude (MAT) 6 2000 Ft
3 PR? Localizer Tracking (LET 18 00

Isgee5t • 3. FIX Inbound All Airspeed (AS) 1 90 knots
All Thin (TI) 2 0 1.1 1 Width
All Bank Angle (U) 3 0°

All Tb (ThE ) 11 200 S.c
All Nini a Altitude (MAT) 6 740 Pt
4 Cl! Radio Call Traoa.ittsd Mike Switch

(ICT) 22 Cloeed
4 DES Localiser Tracki ng (LET 18 0°

S C?! Radio Call Tran itted Hike Switch
(ROT) 22 Closed

S TDI-lO Localiner Tracking (LET 18 0°
A C?! Localt*er Track ing (LET 16 00

6 ALTI—10(3 late of Descent (ED) 7 500 PPM
7 Cli

Ia~~~~~ 4, Missed APProech All Airspeed (33) 1 90 knot.

• All Thin (TI) 2 0 Bell Width
All Ieak Aagl. (IA) 3 0°
All ~ 4— 4~~~~ Altit ude (MIT) 4 140 Pt
All Radio Call Thsn~~itted Mike Switch

(ROT) 22 Closed
$ CBS OS
9 0(1 LVI

10 CBS late of C1I~~ (80) $ 1=: PPM
10 ~~.—19° Average turn late (APR) 4 3°/Sec
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I
C. Maneuver Segmentation (see Figure 6)

1. Initial Track to Holding Fix

a. Performance Requirements

(1) Track course to intersection (set OBS to 112°)

(2) Maintain 4000 f t  altitude (all segments)

(3) 90 knots airspeed (all segments)

(4) Cross f ix

b. Common Errors

(1) Altitude errors due to poor instrument cross check

(2) Drift off course

2. Entry Right Turn to Outbound Course

a. Performance Requirements

(1) Make standard rate turn

(2) Roll out on heading parallel to holding course

b. Common Errors

(1) Non—standard rate turn

(2) Turn wrong direction

3. Entry Outbound Course

a. Performance Requirements

(1) Fly for 1 m m

(2) Apply appropriate heading correction for known wind
effects

b. Common Errors

(1) Outbound leg exceeds 1 sin

4. Entry Right Turn to Inbound Course

a. Performance Requirements

(1) Make standard rate right turn

(2) Roll out on heading to intercept inbound course
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Figure 6

• Schematic Representation of Holding at Intersection (SEALI)
(Maneuver Segments are Shown by Dashed Line • See Text for
Segment Names.)
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b Common Errors

(1) Non—standard rate turn

(2) Failure to roll out on heading to intercept inbound
course

5. Entry Inbound Course

a. Performance Requirements

(1) Intercept and fly inbound course to fix

(2) Determine inbound time

(3) Apply heading correction for wind to maintain course

b. Common Errors

• (1) Failure to make heading correction for wind to
maintain course

6. Right Turn to Outbound Course

a. Performance Requirements

(1) Make standard rate right turn

(2) Roll out on wind corrected heading

• b. Common Errors

(1) Non—standard rate turn

7. Outbound Course

a. Performance Requirements

(1) Maintain wind corr.ctsd heading

(2) Adjust outboun d time to result in 1 sin inbound time

b. Common Erro r s

(1) Outbound t ime not correct for 1 sin inbound t ime

8. Right Tur n to Inb ound Course

a. Performance Requir ements

(1) Make standa rd rat. right turn

(2) Roll out on inbound course
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b. Common Errors

(1) Non—standard rate turn

(2) Roll cut not on inbound course

9. Inbound Course

a. Performance Requirements

(1) Fly inbound course to fix

(2) Apply wind correction to heading

(3) Time inbound leg

b. Common Errors

(1) Failur e to make appropriate wind correction

NOTE : Performance requirements and common error s for segments 6—9
are the same respectively for segments 10—13 and 14—17 which
are two additional circuits of the holding pattern.

D. Initial Conditions

1. A/C on 112° radial of Tuskegee VORTAC

2. 2 nautical miles from the SEALI intersection
0

3. Heading 112

4. Airspeed 90 knots

5. Altitude 4000 feet (holding altitude)

6. ADF receiver tuned to F~~ IX 355

7. VOR receiver tuned to Tuskegee VORTAC (117.3)

8. GINI Bearing Selector (OBS) set to 112°

9. Winds 142°/is knots

E. Start—Stop Logic and Measures

Table 11 shows the specific start—stop logic and measures
applicable during each segmen t of the maneuver . Refer to Tables IL—i and
11—2 and associated text for detailed explanations of the measures start—
stop logic codes. The word “ALL” in the first colume of the table

fl - means that the measure is applic able across each measurement segment of
• . t he maneuver segment.
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Table U

STArT—STOP LOGIC ASS MRASUUS IPPUCAPLI TO ZA0( S$O~~ T OF TM!
MOLDUIG AT iirusicri ~ ,UImJVU

$1JWVU/S~~~~~T START STOP M!ASUU N1ASUIZ D SUW

Se~~sat 1, Initial Trackin$ to Viz All Airspeed (AS) 1 90 Snot.

All Tria (VI) 2 0 Pall Width

All lank A~g1. (IA) 3 00

All Altitud. (ALT) 5 4000 Pt

1 Start VOL Tracking (VIT) 15 112°

1 Ca.—~~i asi Rearing Sstting

• 
053 (055) 21 1120

2 0(5 LVI

S e t  2 . lair, light Turn
Cutbound All Airspeed (AS) 1 90 Snot.

All trIn (Vi) 2 0 3.11 WId th

AU leak A~g1. (II) 3 00

All Altitude (ALT) 5 4000 Pt

3 0(3 IL Average Turn late (APR) 4 3°/Sec

k~~unt 3, Pa tty Track Outbou.d All AIr.peed (AS) 1 90 Snot.

AU Tr ia (VI) 2 0 3.11 Width

AU lank Mgi. (1*) 3 0°

4 CPS LVI Altitude (ALT) 5 4000 Pt

I~~~~~t 4, Patry light Turn All Airspeed (AS) 1 90 S ot.

All Tria (VI) 2 0 1.11 Width

All leak Mgi. (II) 3 0°

S CBS IL Altitude (ALT) 5 4000 Pt

S A,sr.$s Turn let. (API 4 3°/Sec

5, Patty Track Isb~~~~ All Airspeed (AS) 1 90 Snot.

All Tria (VI) 2 0 1.1 1 WIdth

All l~~~ MgI. (IA) 3 0°

All Altitude (ALT) 5 4000 Pt

4 CBS CCLjOI WI Trackias (aT) 12 053°

• I 112

• 7 0(1 LVI

I~~~~t 4. II~~ ~~~. Setb~~~~— 1 All Airsp.ed (*5) 1 90 Snot.

All Tria (fl) 2 0 3.1 1515th

Ml - P~~~~Mgls (M) 3 0°

I 0(1 Alcited. (ALT) S 4000 Pt

S IL ~~~~..,s Turn Pats (AM! 4 3°I$sc
LI. Selde.~ tt cu in rsp. e5 tPa.. jane — I s 4—14

— 7, tueeh ~~~ b~~~~~—l AU Afrspe.d (41) 1 90 Snot.
Ml • ?rla (M!) 2 0 Pall 51~~k
Ml I.nk Mgia~~l*) 3

WI Aititnd. (ALT) S
S ~~~ lag ec Pai3.ut (WU 5 13°
5 WI l.edlag trs.III L (aT) 10 iran nk.ve
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Table 11

anIsJvu/Slc~taT start STOP M!AIUU ~~JU DS5IWI

I.geeat 5, Light Turn Inbound—i All .4ir.peed (*5) 1 90 Snots
All Tn .  (VI) 2 0 1.11 Width
All Rank AngI. (3.) 3
10 0(5 Altitude (ALT) 3 4000 Pt

10 IL Average Turn late (APi) 4 3°/S.c

Isguant 9, Track Inbound—i All Airspeed (55) 1 90 toots
All Tn.  (TI) 2 0 1.11 Width
All lank Angle (14) 3 0°
11 0(5 Altitude (ALT) 4 4000 Vt
11 Tine (fiS) 11 60 Sec
11 a~-ga WI Tracking (ant) 12 053°

112

I.~~~t 10, Light Turn Outbound-2 All Ain.p.ed (AS) 1 90 Snota
All Tn .  (71) 2 0 3.1 1 Width

• All lank A.gl. (IA) 3 0°
12 CBS Altitude (AIX) 5 4000 Pt
12 - II. Average Turn let. (API) 4 3°/Sec

.g u t  U, Track Outbound—2 All Airspeed (AS) 1 90 Snots
All Tnt. (VI) 2 0 1.11 Width
All Peak Mgi. (3.) 3 0°
13 0(1 Altitude (ALT) 3 4000 Pt
13 Reading o lollout (101 ~ 2130

13 LVI leading Tracking (WV) 10 Pro, above

I~~~~.e 12, Light Turn Inh~~~~—2 All Aii.pe.d (AS) • 1 90 b eta
All Tnt. (Ti) 2 0 3.11 WIdth
All ~~~~ Mgls (IA) 3 0°

• 14 0(1 Altitude (ALT) 5 4000 Pt
14 IL Average Tinn late (APi) 4 3°/Sec
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Table 11

• N4510vu/sanImtT START STOP M!ASUU

egeent 13, tn.ck Inboued-2 All Airspeed (AS) 1 90 Snot.
• All Tnt. (VI) 2 0 MU Width

All lank Angle (IA) 3 00

14 Cr5 Altitude (ALT) 5 4000 Pt
14 TI.. (55) 11 60 Sec
14 105 Tracking (UT) 12 0530

legusot 14, light Turn Outbouad—3 All Airspeed (AS) 1 90 toots
All Trio (TI) 2 0 Pall Width
All leak Angle (14) 3 0°
13 CPS Altitude (ALT) .5 4000 Pt
15 SL Average Turn late (47*) 4 3°/Sec

egusat 15, Track Outbound-3 All Airspeed (AS) 1 90 Snot.
• 

• All Trio (Vi) 2 0 1.11 Width
AU l~~ Angle (IA) 3 00

16 CBS Altitude (ALT) 5 4000 Pt
16 leading on P.ollout (HOt 9 2130

16 LVI leading Tracking (anT) 10 Ftc, above

I.gusnt 16, Light Turn Inbound—3 AU Airspeed (AS) 1 90 Snot.
All fri. (TI) 2 0 Pall Width
All l~~~ Angle (14) 3 0°
17 CPS Altit ude (ALT) 5 4000 Ft
11 IL Average Turn Late (APi) 4 3°/Sec

Isgusat 17 , Track Znbouod-3 AU Airspeed (AS) 1 90 boots
All Trio (TI) 2 0 1.11 Width
All l~~~ Angle (IA) 3 0°

1$ CBS Altitude (ALT) S 4~~ Pt
15 flee (55) 11 60 S.c
11 C~~j 0t Tracking (II?) U 053°
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F. Fatal errors which will cause termination of performance measure-
ment are shown in Table 12.
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